Community  Development  Publication  Series         $2.50 


s 

333.1/ 

cnpd 
19  fs- 


PLANNING  AND  DEVELOPING 

COMMUNITY  WATER  AND 
SEWER  SYSTEMS  IN  MONTANA 

Second  Edition 

PLEASE  RFTIIRN 


May  1985 


STATE  DOCUMENTS  COLLECTION 

MAY  fi  -  locc 

MONTANA  STATE  LIBRARY 

1515  E.  6th  AVE. 
HELENA.  MONTANA  59620 


Buili  _ 
Montana 


MONTANA  DEPARTMENT  OF  COMMERCE 
COMMUNITY  DEVELOPMENT  DIVISION 


MONTANA  STATE  LIBRARY 

S333.I1  C1Spd  1»es< 


4  HI  I         *'    M     l^4MM  Ptonnina  .nd  developing  community  watw 

Mtlim  iijiii  III  lilt 


3  0864  00052382  2 


PLANNING  AND  DEVELOPING  COMMUNITY  WATER  AND  SEWER  SYSTEMS 

IN  MONTANA 
SECOND  EDITION 


PREPARED  BY: 

ROBERT  PECCIA   &   ASSOCIATES 

Engineers,   Planners,   Designers 

810  Hialeah  Court 

Helena,  Montana     59601 


PUBLISHED  BY: 

MONTANA  DEPARTMENT   OF   COMMERCE 
Community  Assistance  Program 

ON   BEHALF  OF: 

THE  WATER  AND   SEWER  AGENCIES   COORDINATION   TEAM   (WASACT) 

Helena,  Montana 


First  Edition  Published:  July  1983 
Second  Edition  Published:   May  1985 


FUNDING  FOR  PUBLICATION  OF  THE  SECOND  EDITION  WAS  PROVIDED 
BY  THE  MONTANA  COMMUNITY  DEVELOPMENT  BLOCK  GRANT 
PROGRAM. 


TABLE  OF  CONTENTS 


PREFACE 

Abstract       P-1 

Project  Participants         P-2 

Further  Information         P-3 

PART  I:      INTRODUCTION 

A.  Introduction 1 

B.  Water  and  Sewer  Needs 1 

C.  Purpose 2 

D.  Use  of  Report 2 

PART  II:      THE  PLANNING  PROCESS 

A.  General 3 

B.  Professional  Assistance 3 

C.  Recommended  Planning  Procedures 4 

1.  Examine  Community  Growth  &   Land  Use  Policies.    .  5 

2.  Inventory  Existing  Facilities 5 

3.  Determine  Existing  Conditions 5 

4.  Identify  Deficiencies 5 

5.  Establish  Feasible  Options 6 

6.  Hold  Public  Meeting 6 

7.  Estimate  Costs 7 

8.  Evaluate  Options 7 

9.  Select  Improvements 8 

10.  Prepare  Financial  Plan 8 

11.  Hold  Public  Meeting 11 

12.  Develop  Implementation  Strategy 11 

PART   III:      IMPLEMENTATION 

A.  Introduction 13 

B.  Selecting  an  Engineer 13 

C.  Design  Plans  and  Specifications 14 

D.  Construction  Bids 15 

E.  Construction 16 

F.  Start-Up  and  Final  Inspection 16 

G.  Summary  of  Implementation. 16 


PART   IV:      WATER   SYSTEMS 

A.  Introduction 18 

B.  Water  Supply 18 

1.  Groundwater 18 

2.  Surface  Water 21 

3.  Water  Quantity 24 

4.  Water  Quality 26 

C.  Water  Treatment 28 

1.  Disinfection 28 

2.  Flocculation 30 

3.  Sedimentation 30 

4.  Filtration      31 

D.  Distribution      32 

1.  Distribution  System  Piping 32 

2.  Storage 35 

3.  Pumping 36 

4.  Fire  Protection       36 

5.  Leakage 37 

E.  Operation  and  Maintenance 38 

F.  Water  Rights 39 

G.  Revenues  and  Expenses 40 


PART  V:      SANITARY   SEWER  SYSTEMS 

A.  Introduction 42 

1.  General 42 

2.  Wastewater  Characteristics 42 

a.  Quantity       42 

b.  Quality         44 

3.  Effluent  Limitations      45 

B.  Collection  Systems 45 

1.  General 45 

2.  Conventional  Gravity  Sewer  Systems 45 

a.  Service  Lines         45 

b.  Sewer  Mains 46 

i)      Design       46 

ii)  Pipe  Materials  46 

c.  Manholes      47 

3.  Alternate  Collection  Systems        47 

4.  Lift  Stations  and  Force  Mains 47 

a.  Wet  Well       48 

b.  Wet  Well/Dry  Well        48 

c.  Other  Types 49 

C.  Treatment  Systems 49 

1.  Introduction 49 

2.  Phases  of  Wastewater  Treatment 49 

a.  Preliminary  Treatment 50 

b.  Primary  Treatment 50 


c.  Secondary  Treatment 50 

i)     Biological  Treatment         50 

ii)   Physical-Chemical  Treatment 51 

d.  Tertiary  Treatment 51 

e.  Disinfection 51 

f.  Sludge  Treatment   &  Disposal 51 

3.       Typical  Treatment  Facilities  in  Montana      52 

a.  Lagoons 52 

i)       Facultative  Lagoons 53 

ii)     Aerated  Lagoons       53 

iii)  Discharge  Methods        53 

a)  Continuous  Discharge 53 

b)  Controlled  Discharge 54 

c)  Land  Application 54 

d)  Complete  Retention 54 

iv)     Advantages  to  Lagoon  Systems 54 

b.  Activated  Sludge  Treatment  Plants       55 

i)       Conventional  Activated  Sludge  Plants     .    .  55 

ii)     Extended  Aeration  Plant        55 

iii)  Oxidation  Ditch  Plants        56 

c.  Other  Treatment  Facilities         56 

d.  The  Choice  of  Treatment  Methodology 56 

D.       Operation  and  Maintenance 58 

1.  Collection  System  Maintenance 58 

2.  Infiltration  and  Inflow        59 

3.  Wastewater  Treatment  Facility  Operation 60 

PART  VI:   REGULATIONS  AND  REQUIREMENTS 

A.  Introduction 62 

B.  Regulatory  Agencies  and  Functions 62 

1.  Environmental  Protection  Agency 63 

2.  MDHES   (Water  Quality  Bureau) 63 

3.  Public  Service  Commission 64 

C.  Federal  Regulations  and  Guidelines 65 

1.  The  Safe  Drinking  Water  Act 65 

a.  Background 65 

b.  General  Provisions 66 

2.  The  Clean  Water  Act 67 

a.  Background 67 

b.  General  Provisions 67 

c.  Municipal  Facilities  Program         68 

3.  Other  Federal  Regulations 69 

a.  General 69 

b.  Summary  of  Legislation  and  Regulations  Relating 

to  Water  Quality 69 

D.  State  Regulations  and  Guidelines 71 

1.       Water  Quality  Regulations 71 

a.     Montana  Pollutant  Discharge  Elimination 

System   (MPDES) 71 

Hi 


b.     Montana  Groundwater  Pollution  Control 

System   (MGWPCS) 72 

2.  Public  Water  Supply  Regulations 72 

3.  Standard  Design  Requirements 72 

E.       Operator  Requirements 73 

1.  General 73 

2.  Water  System 73 

3.  Sewer  Systems 75 

PUBLICATIONS  OF  INTEREST  TO  LOCAL  GOVERNMENT  PERSONNEL 


Iv 


LIST  OF  FIGURES 


Figure 
No.  Title 


1.  Typical  Infiltration  Gallery 23 

2.  Water  Use  in  Fort  Benton,   Montana 26 

3.  Effectiveness  of  Chlorine  in  Disinfecting 

Water  Supply  Systems 29 

4.  Effectiveness  of  Filter  Types 32 

5.  Typical  Residential  Water  Service  Connection 34 

6.  Water  Supply  versus  Demand 35 

7.  Water  Use  and  Estimated  Leakage  in  Townsend, 

Montana 38 

8.  Typical  Daily  Watewater  Flow  Profile      43 

9.  Wastewater  Flow  Rate  for  a  Typical  City  in  Montana  .    .  44 

10.  Population  Ranges  Typically  Served  by  Various 
Wastewater  Treatment  Processes  in  Montana 57 


LIST  OF  TABLES 


Table 
No.  Title 


1.  Water  Use  in  Selected  Communities  in  Montana 25 

2.  Federal  Drinking  Water  Standards 27 

3.  Required  Fire  Flows  for  Residential  Units 37 

4.  Summary  of  Water  Quality  Legislation 

and  Regulations      69 


5.  General  Monitoring  Requirements  for  Public 

Water  Systems 74 

6.  Monitoring  Requirements  of  Effluent  Parameters    ....         75 


vi 


PREFACE 
ABSTRACT 


The  information  contained  in  this  publication  was  prepared  by 
Robert  Peccia  and  Associates  pursuant  to  a  contract  with  the  Montana 
Department  of  Commerce,  Community  Assistance  Program.  Funding  for 
the  original  research  was  provided  by  the  Montana  Coal  Board  and  the 
Farmers  Home  Administration  "601"  Program.  The  first  edition  of  this 
publication  was  intended  to  assist  Eastern  Montana  local  governments 
which  were  experiencing  increased  needs  for  water  and  sewer  facilities 
as  a  result  of  the  impact  of  coal  development.  Funding  for  printing  the 
second  edition  of  this  publication  was  provided  by  the  Montana  Communi- 
ty Development  Block  Grant  Program.  The  second  edition  is  intended  to 
assist  local  governments  throughout  Montana.  This  edition  will  assist 
those  local  governments  which  are  considering  applying  for  or  are  cur- 
rently administering  a  Montana  Community  Development  Block  Grant. 

This  publication  is  a  product  of  the  work  of  the  Water  and  Sewer 
Agencies  Coordination  Team  (WASACT).  WASACT  is  a  problem-solving 
group  of  the  state  and  federal  agencies  (which  finance  local  water  and 
sewer  facilities)  and  representatives  from  Montana  local  governments. 
The  goals  of  WASACT  include: 

1.  Finding  methods  to  improve  the  water  and  sewer  grant  and 
loan  application  procedures  for  local  government  applicants; 
and 

2 .  Finding  ways  to  get  needed  community  water  or  sewer  projects 
financed  and  built. 

Planning  and  Developing  Community  Water  and  Sewer  Systems  in 
Montana  is  written  for  the  non-engineer.  This  publication  is  written  for 
Montana  local  government  officials  and  technical  staff.  It  is  designed  to 
provide  an  overview  of  the  process  of  planning  and  developing  a  water 
or  sewer  system.  Planning  and  developing  a  local  water  and  sewer  sys- 
tem requires  local  government  officials  and  technical  staff  to  make  many 
policy  and  financial  decisions.  This  publication  provides  suggestions  on 
how  to  better  manage  the  facility  planning  process.  This  publication  is 
general  in  nature  so  it  may  be  used  by  those  local  government  represen- 
tatives typically  involved  in  the  facility  planning  and  financing  process 
—  governing  body  officials,  planners,  public  works  directors,  community 
development  directors,  finance  officers,  and  representatives  of  water  and 
sewer  districts  or  organizations.  This  publication  is  Volume  One  of  a  two 
volume  set.  The  second  volume  is  Financing  Community  Water  and  Sewer 
Systems  in  Montana.  There  is  also  a  set  of  videotapes  which  complements 
this  two  volume  set  of  publications. 
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Part  I:  Introduction 


A.   Introduction 

This  text  is  intended  to  provide  local  communities,  in  particular 
the  smaller  communities  in  the  state,  with  information  and  guidance  on 
how  to  plan  and  develop  an  improvements  program  for  their  water  and 
sewer  systems.  With  this  in  mind  the  subject  matter  has  been  kept  fiiir- 
ly  general;  however,  specific  approaches  have  been  suggested.  These 
approaches  reflect  the  attitudes  and  experience  of  the  individuals  who 
have  prepared  this  document,  and  not  everyone  involved  in  water  and 
sewer  system  planning  will  agree  with  these  approaches. 

In  order  for  this  text  to  be  useful,  the  authors  felt  it  was  neces- 
sary to  commit  to  specific  recommendations  rather  than  offering  a  vari- 
ety of  options.  It  is  our  belief  that  if  a  community  utilizes  the  ap- 
proaches we  suggest,  it  will  lead  them  to  sound  and  practical  decisions 
on  their  water  and  sewer  systems. 


B.   Water  and  Sewer  Needs 

There  is  no  question  that  there  is  an  urgent  need  for  water  and 
sewer  improvements  in  Montana.  For  too  long,  communities  have  relied 
on  past  investments  in  water  and  sewer  facilities  to  serve  them.  Mainte- 
nance in  many  cases  has  been  inadequate,  and  replacement  of  worn-out 
facilities  has  been  nil.  The  magnitude  of  the  problem  is  dramatized  by  a 
recent  survey  conducted  by  the  Montana  League  of  Cities  and  Towns 
that  showed  in  excess  of  $85  million  dollars  of  needed  capital  improve- 
ments for  water  systems  in  Montsma. 

It  is  obvious  that  the  magnitude  of  the  water  and  sewer  needs  ex- 
ceeds the  financial  capability  of  communities  to  finance  them.  Therefore, 
it  is  especially  important  that  a  community  have  the  ability  to  under- 
stand their  systems,  set  priorities,  and  establish  appropriate  capital  im- 
provements with  a  sound  financial  program. 


C.   Purpose 

This  report  primarily  gives  a  "how-to"  approach  to  planning  and 
developing  a  water  and  sewer  improvements  program.  A  companion  doc- 
ument entitled  "Financing  Community  Water  and  Sewer  Systems  in  Mon- 
tana" discusses  establishing  a  financing  program,  and  present  informa- 
tion on  available  grants  and  loans  as  well  as  local  financing  options. 

In  order  for  a  community  to  wisely  invest  limited  funds,  the  com- 
munity should  be  confident  that  the  proposed  improvements  are  the  ap- 
propriate ones  for  the  community.  We  cannot  emphasize  enough  that  a 
community  should  take  at  least  the  following  steps  before  committing 
itself  to  any  specific  improvements: 

*  Identify  feasible  options  that  should  be  considered; 

*  Evaluate  options  and  costs; 

*  Select  a  recommended  program  of  improvements; 

*  Establish  priorities;   and 

*  Prepare  a  financial  plan. 

If  a  community  follows  these  basic  steps,  it  should  be  in  a  good 
position  to  intelligently  implement  a  sound  program  of  improvements. 


D.    Use  of  Report 

This  report  is  intended  primarily  for  local  government  officials  to 
assist  them  in  establishing  a  logical  process  to  evaluate  their  water  and 
sewer  systems  and  to  embark  upon  an  improvements  program.  It  may  al- 
so be  useful  to  planners,  water  and  sewer  system  operators,  and  engi- 
neers. However,  the  subject  area  is  broad  and  therefore  much  detail  on 
specific  elements  has  been  omitted  so  that  the  document  would  not  be 
too  technical  or  cumbersome.  The  document  is  not  intended  to  serve  as 
a  basis  for  design  or  to  substitute  for  good  professional  assistance,  and 
should  not  be  used  as  such. 


Part  II:  The  Planning  Process 


A.   General 

There  are  a  number  of  ways  in  which  a  community  becomes  inter- 
ested in  improving  a  water  and  sewer  system.  Most  of  these  involve  one 
of  the  following:  1)  requests  to  extend  the  system  beyond  its  present 
capacity;  2)  replacement  of  an  outdated  or  worn-out  facility;  3)  a  fail- 
ure or  the  possibility  of  a  failure  in  an  existing  system;  4)  installation 
of  a  system  where  no  system  presently  exists;  or  5)  to  meet  a  regula- 
tory requirement. 

Probably  the  most  common  reason  is  to  meet  a  regulatory  require- 
ment. The  state  and  federal  governments  have  adopted  certain  require- 
ments to  protect  the  health  and  safety  of  the  public,  and  if  a  communi- 
ty does  not  have  a  system  that  meets  these  standards,  then  it  will  gen- 
erally be  required  to  upgrade  its  facilities.  Since  these  standards 
change  over  time  as  techniques  and  knowledge  increase,  it  is  reasonable 
to  expect  that  a  community  should  periodically  review  its  facilities  to 
see  if  they  are  appropriate  for  the  population  being  served. 

Once  a  community  has  made  the  decision  that  improvements  to  the 
water  and/or  sewer  system  are  required,  there  are  certain  courses  of 
action,  procedures,  and  options  of  which  the  community  should  be 
aware. 


B.   Professional  Assistance 

It  is  seldom  that  a  small  community  has  the  expertise  on  its  staff 
or  in  town  to  adequately  address  the  technical  questions  involved  in  a 
water  and  sewer  system,  the  regulations  and  standards  that  must  be 
adhered  to,  and  the  programs  that  are  available  for  funding  such 
improvements.  It  is  strongly  recommended  that  a  community  consider 
professional  assistance,  even  in  the  early  stages  of  a  potential  project. 


There  are  several  sources  of  technical  assistance  that  a  community 
may  wish  to  consider  for  specific  problems.  These  include  the  Bureau  of 
Mines  and  Geology  in  Butte,  the  State  Water  Quality  Bureau,  the  State 
Department  of  Natural  Resources  and  Conservation,  the  Rural  Water  De- 
velopment Association,  and  various  others.  In  most  cases,  however,  a 
community  will  consider  a  private  engineering  or  other  consulting  firm, 
which  in  turn  should  utilize  available  resources  to  the  extent  that  they 
are  available.  The  advantages  of  using  a  private  firm  are  that  the  firm 
usually  has  practical  experience  and  a  broad  view  of  water  and  sewer 
systems  on  which  it  can  draw,  has  the  ability  to  develop  and  explore 
various  options,  and  can  represent  the  best  interests  of  the  community. 

There  are  a  wide  range  of  capabilities  in  engineering  firms,  and  a 
community  should  be  selective  in  hiring  a  firm  since  the  partnership 
between  the  community  and  the  firm  will  usually  last  throughout  the 
duration  of  the  project.  The  community  should  make  a  general  rule  nev- 
er to  relinquish  the  decision-making  power  over  the  type  of  improve- 
ments to  the  engineer.  The  engineer  will  provide  the  technical  informa- 
tion necessary  to  make  the  decision,  but  the  community  must  decide  for 
itself  what  types  of  improvements  it  should  implement  and  what  it  can 
or  cannot  afford. 

Other  considerations  in  selecting  an  engineer  include:  1)  refer- 
ences and  past  work  record;  2)  staff  capability  and  experience;  and  3) 
the  ability  of  the  engineer  to  work  with  the  community. 

An  excellent  way  of  obtaining  ideas  on  a  system  is  to  invite  pro- 
posals from  engineering  firms  and  hold  interviews.  After  the  selection 
process,  it  is  usually  evident  which  firm  the  community  will  prefer. 
This  process  is  explained  in  detail  later  in  this  report. 

Either  with  or  without  professional  assistance,  the  community 
should  follow  a  process  such  as  the  one  described  below  which  will  as- 
sure that  the  proper  decision  on  improvements  has  been  made. 

C.   Recommended  Planning  Procedures 

The  planning  process  should  involve  the  following  steps  in  the  se- 
quence in  which  they  are  listed: 

Step  1  Examine  Community  Growth,   Land  Use, 

and  Sewer  and  Water  Policies 

Step  2  Inventory  Existing  Facilities 

Step  3  Determine  Existing  Condition 

Step  4  Identify  Deficiencies 

Step  5  Establish  Feasible  Options 

Step  6  Hold  Public  Meeting 

Step  7  Estimate  Costs 

Step  8  Evaluate  Options 

Step  9  Select  Improvements 

Step  10  Prepare  Financial  Plan 

Step  11  Hold  Public  Meeting 

Step  12  Develop  Implementation  Strategy 


At  the  conclusion  of  these  planning  steps,  the  community  should 
have  a  firm  idea  of  its  commitments,  and  the  costs  and  benefits  to  the 
community  of  the  proposed  improvements.  A  description  of  what  is  in- 
volved in  each  step  is  given  in  the  following  section. 


Step   1;      Examine   Community   Growth,    Land   Use,    and   Sewer  and   Water 
Policies 

The  first  step  in  the  water  and  sewer  planning  process  is  to  exam- 
ine the  growth  in  the  community  and  current  land  use  policies  that 
might  be  in  effect.  Water  and  sewer  are  community  services  that  are  in- 
tended to  serve  developed  areas.  An  effective  water  and  sewer  plan 
should  be  part  of  a  more  comprehensive  community  planning  process,  so 
that  both  present  and  future  needs  can  be  met.  In  particular,  if  a  com- 
munity has  definite  plans  for  future  growth,  the  water  and  sewer  sys- 
tems (as  well  as  other  community  facilities  and  services)  should  be 
planned  to  be  consistent  with  these  commitments. 

Step  2:     Inventory  Existing  Facilities 

It  would  seem  that  it  is  foolish  to  adopt  a  program  to  improve  a 
community's  water  or  sewer  system  without  knowing  what  the  existing 
system  is,  yet  that  is  what  many  communities  have  done.  It  should  go 
without  saying  that  a  community  should  be  aware  of  what  it  has  invest- 
ed in  its  existing  systems  before  improvements  are  discussed.  This  in- 
ventory could  consist  of  researching  records  available  locally  and  at  the 
state  level,  conducting  an  inventory  of  facilities,  and  interviewing 
people  who  are  or  have  been  familiar  with  the  system.  A  record  of  the 
existing  facilities  should  be  made  to  document  the  existing  systems  for 
analysis  purposes  and  future  generations.  The  documentation  should 
consist  of  maps,  plans,  lists  of  existing  facilities,  operating  char- 
acteristics, and  maintenance  schedules. 


Step  3:     Determine  Existing  Conditions 

An  assessment  of  the  condition  of  the  existing  facilities  should  be 
made.  The  existing  conditions  should  include  information  on  age,  mater- 
ials, location,  physical  condition,  and  operating  condition  of  all  elements 
of  the  facility.  This  step  will  provide  information  on  the  serviceability 
and  life  span  of  existing  facilities,  and  will  guide  the  community  in  de- 
termining repair,  replacement,  or  new  facility  options.  This  step  would 
also  provide  information  to  the  community  in  establishing  a  capital  im- 
provements and  replacement  program. 


Step  4:     Identify  Deficiencies 

A  comparison  of  the  existing  facilities  with  accepted  standards  pro- 
vides the  basis  for  identifying  deficiencies  in  the  system.  It  should  be 
noted  that  operational  characteristics   (such  as  the  quality  of  the  water 


in  a  water  supply  system)  can  be  deficient  as  well  as  physical  elements 
of  the  system  such  as  pumps.  A  deficiency  analysis  is  the  first  step  in 
establishing  an  improvements  program. 


Step  5:     Identify  Feasible  Options 

One  of  the  most  overlooked  elements  of  the  planning  process  is  the 
identification  of  options  available  to  the  community.  In  this  step  a  com- 
munity should  not  be  afraid  to  identify  options  that  may  appear  imprac- 
tical at  the  time.  It  sometimes  happens  that  an  idea  may  not  seem  prac- 
tical initially,  but  the  concept  in  combination  with  other  improvements 
or  in  a  revised  form  may  prove  to  be  feasible.  The  community  should 
establish  a  list  of  feasible  options,  and  can  discard  at  a  later  date  those 
options  that  can  be  demonstrated  to  be  impractical.  This  is  one  of  the 
most  interesting  and  challenging  steps  in  the  planning  process,  and  the 
community  can  let  its  imagination  run  free  at  this  stage. 


Step  6:     Hold  Public  Meeting 

The  residents  of  a  community  will  ultimately  pay  for  the  improve- 
ments to  be  implemented,  and  they  are  certainly  entitled  to  voice  their 
opinions.  The  depth  of  understanding  and  wealth  of  knowledge  that 
many  members  of  the  community  have  is  often  surprising,  and  only 
comes  to  light  at  this  time.  This  is  the  proper  time  to  discuss  the 
options  being  considered  and  to  solicit  ideas  from  the  community.  Any 
feasible  options  that  are  discovered  should  be  added  to  the  list  of  op- 
tions. It  is  also  advisable  to  offer  residents  the  opportunity  to  contact 
a  representative  on  a  one-to-one  basis  to  assure  that  those  people  who 
are  uncomfortable  in  a  public  meeting  have  the  opportunity  to  present 
their  opinions. 

The  requirements  for  public  participation  in  the  planning  process 
are  also  dependent  on  the  scope  of  the  project.  Important  issues  that 
can  be  addressed  in  this  step  include: 

*  Recognition  of  the  need  for  public  participation; 

*  Development  of  a  public  participation  program; 

*  Availability  and  provision  of  important  documents; 

*  Public  notification  procedures; 

*  Public  hearing  and  public  meeting  requirements; 

*  Summarizations    of    public    participation    at    meetings    or    hear- 
ings;  and 

*  Enforcement  of  public  participation  requirements. 

These  steps  are  required  for  any  sewer  improvements  that  are 
funded  under  the  EPA  Construction  Grants  Program,  and  are  advisable 
for  any  public  utility  improvements.  The  primary  purpose  of  public  in- 
volvement is  to  enhance  the  living  conditions  within  the  community  with 
a  minimum  of  environmental,  social  and/or  economic  impacts.  Public 
scrutiny  of  the  project  is  the  only  means  of  ensuring  that  the  present 
and  future  community  needs  are  met,  impacts  are  addressed,  and  effec- 
tive implementation  occurs. 


step  7:     Estimate  Costs 

The  major  topic  of  interest  to  both  the  average  citizen  and  the  lo- 
cal official  in  the  improvements  program  is  "How  much  is  it  going  to 
cost  me?"  A  cost  estimate  of  the  feasible  options  that  have  been  identi- 
fied should  be  prepared.  At  this  stage,  a  totally  accurate  cost  estimate 
is  not  necessary,  but  the  costs  should  be  broken  down  in  sufficient  de- 
tail to  make  a  valid  cost  comparison  between  alternatives.  In  addition, 
the  costs  should  include  both  operation  and  maintenance  costs  as  well  as 
capital  costs.  It  is  generally  more  preferable  to  err  on  the  side  of  esti- 
mating too  high  if  possible,  recognizing  the  inflation  factor  likely  to  oc- 
cur in  the  intervening  years  before  actual  construction  takes  place. 


Step  8:     Evaluate  Options  and  Establish  Priorities 

Cost  may  not  be  the  only  factor  to  consider.  The  effectiveness  and 
reliability  of  the  proposed  option,  quality  of  the  product,  life  expectan- 
cy, and  maintenance  and  operation  considerations  are  all  factors  that 
should  be  taken  into  account  during  the  evaluation  of  the  options.  A 
suggested  approach  is  to  identify  the  evaluation  criteria  and  methods  in 
advance  of  the  actual  evaluation  so  that  an  objective  evaluation  of  op- 
tions can  be  done  and  a  priority  list  established. 

Following  is  a  list  of  items  that  should  be  considered  in  the  devel- 
opment of  a  priority  list: 

*  Desires  of  the  existing  residents; 

*  Physical,  financial,  or  institutional  capacities  of  community 
services ; 

*  Dependency  on  meeting  another  community  need; 

*  Extended  planning,  construction  or  public  involvement  lead 
times; 

*  Availability  of  funding,  which  may  influence  the  project  tim- 
ing; 

*  Immediate  action  that  may  be  required  to  preserve  the  commu- 
nity environment; 

*  Certain  tax  measures  to  ensure  that  those  responsible  for 
community  growth  will  help  to  pay  for  expanded  or  new  facili- 
ties; 

*  A  mandate  by  the  community  for  a  certain  project,  regardless 
of  anticipated  impacts;   and 

*  The  necessary  correction  of  a  situation  that  is  not  in  compli- 
ance with  guidelines  established  by  federal  and  state  authori- 
ties. 

Project  priorities  should  change  as  conditions  in  the  community 
change.  For  this  reason,  the  community  should  not  put  itself  into  an 
inflexible  position  that  limits  community  response  to  new  growth.  The 
assignment  of  priorities  to  projects  does  not  necessarily  commit  the  com- 
munity to  major  expenditures,  it  is  merely  a  planning  tool.  A  simple  ap- 
proach to  assigning  project  priorities  would  group  project  requests  as 
follows: 


Priority  One  Projects:  An    already    approved    project    to    which 

the  community  is  already  committed; 
project  funding  and  timing  are  inflex- 
ible. 

Priority  Two  Projects:  A  project  that  is  needed  by  the  commu- 

nity but  for  which  funding  sources  are 
flexible . 

Priority  Three  Projects:  A  project  that  is  desirable  to  the  com- 
munity and  has  great  flexibility  in 
funding  and  timing. 

Priority  Four  Projects:  A  project  that  may  be  necessary  for  the 

future  but  which  is  not  justified  at  the 
present  time. 

Priority  Five  Projects:  A    project    that    requires    more   planning 

and  analysis  before  a  local  commitment 
can  be  made. 


Step  9:     Select  Improvements 

Based  on  the  costs  and  other  evaluation  criteria,  it  should  be  pos- 
sible to  select  a  preferred  option  at  this  stage.  The  option  selected  at 
this  point  is  known  as  the  preferred  option  because  there  may  be  other 
complications  such  as  right-of-way,  water  rights  or  additional  informa- 
tion that  comes  to  light  in  the  future  which  may  alter  the  option  cho- 
sen. However,  the  evidence  should  be  sufficient  at  this  stage  to  deter- 
mine the  improvements  that  are  the  most  appropriate  and  affordable  for 
the  community.  The  estimate  of  costs  should  also  be  refined  during  this 
step. 


Step  10;     Prepare  Financial  Plan 

An  adopted  plan  of  improvements  is  of  no  use  unless  it  can  be 
funded.  There  are  a  number  of  alternatives  for  funding  a  water  and 
sewer  system  that  can  be  explored,  including  obtaining  grant  and  loan 
assistance  as  well  as  local  and  private  financing  options.  These  pro- 
grams are  described  in  detail  in  the  workbook  entitled  "Financing  Com- 
munity Water  and  Sewer  Systems  in  Montana",  and  will  not  be  repeated 
here.  The  financing  plan  should  identify  the  capital  and  annual  costs 
and  the  sources  of  funding  in  a  detailed  manner  so  that  it  is  clear  that 
the  improvements  program  is  financially  feasible. 

In  order  to  develop  an  effective  program  for  financing  public  im- 
provements, local  government  must  have  an  understanding  of  the  ele- 
ments that  comprise  financial  planning  and  the  effects  that  commitment 
to  a  financing  program  may  have  on  the  resources  of  the  community. 
The  following  items  will  be  addressed  in  this  section:  a)  facility  costs; 
b)  funding  sources;  c)  the  financial  plan;  and  d)  impacts  to  community 
resources. 


a.       Facility  Costs 

A  thorough  understanding  of  detailed  facility  costs  is  a  prerequi- 
site to  the  commitment  to  a  financial  plan  by  local  government.  Local  in- 
put at  early  stages  of  the  planning  process  will  ensure  that  project  cost 
estimates  are  realistic  and  detailed  enough  to  identify  which  portions  of 
the  project  cost  will  be  borne  by  local  residents.  The  primary  costs  as- 
sociated with  the  construction  of  new  public  facilities  are  for: 

*  Land,  rights-of-way,  and  easements; 

*  Consulting  services; 

*  Actual  construction  costs; 

*  Financing  charges,  including  interim  financing; 

*  Annual  operation  and  maintenance  costs; 

*  Administration  costs;   and 

*  Future  planning  costs. 

As  a  general  rule,  only  costs  associated  with  the  actual  design  and 
construction  activities  of  a  project  are  eligible  for  funding  through 
grant  programs.  All  other  operation  and  maintenance  and  annual  costs 
must  be  paid  for  by  local  residents. 


Funding  Sources 


Alternative  funding  sources  should  be  identified  for  all  institutions 
or  agencies  affected  by  the  implementation  of  the  selected  alternative. 
This  analysis  should  identify  the  advantages  and  disadvantages  of  the 
major  funding  categories,  including  intergovernmental  sources  of  capital 
and  local  sources  of  capital  and  operating  income.  Federal  and  state 
grant  programs  represent  the  most  readily  available  source  of  capital 
for  local  governments.  These  funding  sources  are  generally  distributed 
according  to  legislated  formulas  or  through  categorical  grants.  Thor- 
ough investigation  of  these  funds  is  necessary  due  to  the  frequent 
changes  in  state  and  federsil  grant  programs.  Current  information  on 
state  and  federal  programs  may  be  obtained  through  local  government 
associations  such  as  the  Montana  League  of  Cities  and  Towns  or  the 
Montana  Association  of  Counties,  through  state  agencies,  or  through  the 
local  offices  of  federal  agencies.  Program  managers  of  a  specific  project 
are  also  good  sources  of  information. 

Local  sources  of  capital  and  operating  income  are  generally  based 
on  long-term  borrowing  over  the  life  of  the  project  or  pay-as-you-go  fi- 
nancing in  which  expenditures  are  funded  through  annual  operating 
revenues.   Local  sources  of  capital  and  operating  income  include: 

*  General  obligation  bonds; 

*  Revenue  bonds; 

*  Special  assessment  bonds; 

*  Industrigd  development  bonds; 

*  Leasing  arrangements; 

*  Special  improvement  districts; 

*  Tax  measures;  and 

*  User  fees  and  service  charges. 


Selection  of  local  financing  measures  may  be  determined  by  the  le- 
gal and  bonding  capability  of  the  community,  existing  taxpayer  obliga- 
tions, and  the  political  climate  of  the  community.  In  most  cases,  local 
financing  will  involve  the  use  of  several  of  these  revenue  sources  in  an 
attempt  to  develop  a  system  flexible  enough  to  respond  to  inflation  and 
population  growth  and  control  the  overall  revenue  structure  of  the  com- 
munity. 


The  Financial  Plan 


The  information  obtained  from  the  analysis  of  system  costs  and  fi- 
nancing methods  is  utilized  to  develop  a  detailed  financial  plan  for  the 
project.  The  financial  plan  should  identify  the  participating  agencies  or 
institutions  and  their  responsibilities,  estimate  the  portion  of  the  annual 
capital  and  operating  costs  each  agency  is  obligated  to  meet,  and  iden- 
tify the  funding  sources  for  each  cost.  The  financial  plan  should  be 
formulated  to  cover  the  expected  life  span  of  the  facility,  and  should  be 
flexible  enough  to  adapt  to  new  funding  possibilities  or  changing  condi- 
tions within  the  community. 

The  financial  plan  should  also  include  an  assessment  of  the  local 
community's  ability  to  pay  for  the  proposed  project.  The  local  govern- 
ment's expenditures,  revenue  generating  ability,  and  debt  capacity  must 
be  reviewed.  The  type  and  amount  of  outstanding  debts  and  the  amount 
of  annual  revenues  required  for  debt  service  is  a  primary  indicator  of 
the  local  community's  ability  to  finance  new  programs.  It  is  also  benefi- 
cial to  project  the  expected  burden  on  each  local  citizen  so  that  the 
"bottom  line"  cost  can  be  presented  to  the  public. 


d.      Secondary  Impacts 

Secondary  impacts  are  the  indirect  environmental  effects  that  re- 
sult from  the  implementation  of  a  program.  These  secondary  impacts  may 
be  economic,  social  or  environmental  in  nature,  and  result  in  both  posi- 
tive and  negative  effects  on  the  community.  Many  secondary  impacts 
may  be  identified  during  the  planning  and  design  phases  of  the  project; 
however,  some  cause-and-effect  relationships  may  not  be  apparent  be- 
fore the  project  is  implemented.  Typical  secondary  impacts  are  long 
term,  and  generjilly  shown  by  changes  in  community  land  use  patterns 
and  in  the  economic  nature  of  the  community.  For  example,  the  exten- 
sion of  community  water  or  wastewater  services  into  a  previously  unde- 
veloped area  of  the  community  may  encourage  growth  in  that  area  and 
thereby  increase  the  demand  for  services,  which  may  strain  the  finan- 
cial resources  of  the  local  government.  Mitigation  of  secondary  impacts 
should  be  the  responsibility  of  the  participating  agencies  and  institu- 
tions, and  may  require  cooperative  agreements  between  units  of  govern- 
ments. 
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step  11:     Hold  Public  Meeting 

Another  public  meeting  should  be  held  to  inform  the  community  of 
the  selected  program  of  improvements.  At  this  meeting,  the  detailed 
recommendations  and  costs  can  be  discussed,  and  the  attitude  of  the 
community  can  be  assessed.  Any  necessary  adjustments  can  be  made  if 
the  meeting  turns  up  complications  that  were  not  previously  evident.  In 
particular,  the  financial  impact  on  the  residents  of  the  community  and 
the  expected  benefits  can  be  presented. 

Other  means  of  disseminating  the  information  to  the  public  in  addi- 
tion to  public  meetings  should  also  be  considered.  These  could  include 
such  methods  as  direct  mailings  (possibly  in  water  and  sewer  billings) , 
advertisements  in  a  local  newspaper,  notices  in  public  places,  and  the 
like.  This  type  of  public  information  program  in  addition  to  public  meet- 
ings would  demonstrate  a  good  faith  effort  on  the  part  of  community 
leaders  to  keep  the  public  informed,  and  would  be  an  effective  public 
relations  program. 


Step  12:     Develop  Implementation  Strategy 

The  final  step  in  the  planning  process  is  to  develop  an  implementa- 
tion strategy.  This  strategy  is  simply  an  outline  and  description  of  how 
the  community  intends  to  have  the  improvements  installed  and  put  into 
operation;  an  "action  plan",  as  it  is  sometimes  called.  The  implementa- 
tion strategy  should  contain  all  the  major  actions  that  have  to  be  un- 
dertaken, and  the  time  frame  for  these  actions. 


As  with  any  planning  process,  the  step-by-step  method  described 
needs  to  be  flexible,  and  adjustments  should  be  made  as  new  or  revised 
information  becomes  available  or  as  conditions  change.  However,  if  a 
community  follows  the  process  as  described,  it  should  end  up  with  a 
very  practical  and  affordable  program. 
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Part  III:  Implementation 


A.   Introduction 

This  section  on  implementation  presupposes  that  a  community  has 
adopted  an  implementation  plan.  If  it  has  not  done  so  as  of  this  stage 
of  the  project,  it  should  prepare  an  implementation  plan  prior  to  contin- 
uing on  its  improvements  program.  The  process  leading  to  an  implemen- 
tation strategy  is  described  in  Part  II  of  this  report. 

The  final  objective  of  all  the  work  done  to  date  was  to  identify  the 
type  of  improvements  that  are  appropriate  for  a  community.  If  the 
proper  procedures  have  been  followed,  the  community  should  have  chos- 
en the  improvements  wisely  and  knowledgeably.  It  now  remains  to  have 
these  improvements  installed  and  put  into  operation.  This  section  de- 
scribes the  process  that  is  typically  used  for  this  purpose.  It  is  also 
assumed  that  the  community  has  a  financial  plan  as  well  as  the  imple- 
mentation strategy. 


B.   Selecting  an  Engineer 

Most  projects  of  any  complexity  require  the  involvement  of  an  en- 
gineer. The  engineer's  function  is  to  prepare  designs  that  meet  with  lo- 
cal, state  and  federal  requirements,  and  to  assist  in  quality  control 
during  construction.  In  many  cases  a  community  will  also  utilize  an  en- 
gineer to  determine  which  improvements  are  appropriate,  estimate  costs, 
administer  the  project,  and  otherwise  act  as  the  community's  represen- 
tative. 

In  order  to  practice  engineering  in  Montana  (as  well  as  other 
states)  it  is  required  by  state  law  that  a  person  must  be  duly  regis- 
tered as  a  Professional  Engineer  in  Montana.  An  individual  becomes  a 
registered  engineer  by  a  combination  of  education,  experience,  and 
passing  an  examination  intended  to  test  knowledge  of  engineering  prin- 
ciples. The  intent  of  the  engineering  registration  law  is  to  protect  the 
public  by   allowing  only  engineers  of  demonstrated  competence  to  prac- 
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tice  engineering.  A  list  of  registered  engineers  is  available  from  the 
Montana  Professional  and  Occupational  Licensing  Bureau,  Montana  De- 
partment of  Commerce. 

The  typical  process  for  selecting  an  engineer  is  as  follows: 

*  Establish  a  list  of  qualified  engineers.  This  can  be  done  by 
calling  state  agencies  that  are  familiar  with  engineering  firms, 
selecting  firms  from  the  yellow  pages  of  the  telephone  book, 
or  checking  with  engineering  societies. 

*  Invite  letters  of  interest  and  lists  of  references  from  the  en- 
gineers so  selected. 

*  Narrow  the  list  to  three  to  five  qualified  firms  and  request 
written  proposals  from  these  firms. 

*  Hold  interviews  during  which  the  engineers  will  present  their 
qualifications  so  that  the  community  can  ask  questions  about 
their  capabilities. 

*  Select  an  engineer  from  those  interviewed.  Notify  all  engi- 
neers interviewed  of  the  selection. 

This  list  is  intended  to  be  a  generalized  procedure,  since  some 
state  and  federal  agencies  or  a  particular  financial  program  may  have 
their  own  requirements  on  selecting  an  engineer.  If  a  community  is 
working  with  such  an  agency,  it  would  be  advisable  to  check  with  the 
agency  on  any  specific  requirements  it  may  have  in  selecting  an  engi- 
neer. 

The  community  may  either  request  a  proposal  containing  only  qual- 
ifications and  negotiate  a  fee  after  selecting  an  engineer,  or  it  may  re- 
quest proposals  containing  fee  estimates  so  that  cost  may  be  considered 
in  the  selection.  If  a  community  requests  cost  proposals,  it  should  be 
very  careful  in  comparing  the  kind  and  quality  of  work  to  be  done  as 
well  as  just  the  cost.  This  is  particularly  true  in  most  public  works 
projects  where  a  good  engineering  design  will  pay  for  itself  many  times 
over,  while  a  poor  design  may  cost  less  for  engineering  but  the  con- 
struction may  cost  much  more. 

As  with  any  business  or  profession,  there  is  a  substantial  differ- 
ence in  the  quality  of  engineering  services  between  firms.  The  best  way 
to  investigate  an  individual  firm  is  to  inquire  about  its  reputation  and 
performance  on  previous  projects  and  with  other  clients.  It  is  suggested 
that  a  community  check  a  firm's  references  before  committing  to  a  con- 
tract . 


C.   Design  Plans  and  Specifications 

The  engineer  is  responsible  for  designing  a  facility  that  meets  the 
needs  of  the  community.  The  community  and  the  engineer  should  be 
aware  that  there  are  usually  a  number  of  knowledgeable  people  in  the 
community  who  can  provide  information  that  would  facilitate  the  design. 
A  wise  engineer  will  make  use  of  this  knowledge  and  work  closely  with 
the  people  of  the  community  to  prepare  a  good  design. 
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Although  the  engineer  does  the  design,  any  decisions  on  options 
or  levels  of  service  should  be  made  by  the  community.  The  engineer's 
function  is  to  provide  the  community  with  the  information  needed  to 
make  the  decision,  and  to  provide  recommendations. 

The  community  should  be  well  aware  of  the  fact  that  an  engineer  is 
not  infallible  and  can  make  an  error  just  like  anyone  else.  It  has  been 
our  experience  that  some  communities  have  unrealistic  expectations  of 
the  engineering  design,  and  feel  that  the  engineer  should  pay  for  any 
changes  that  are  necessary  during  design.  Most  engineering  fees  are 
not  structured  to  allow  the  engineer  to  afford  this  arrangement;  and  if 
the  community  intends  to  have  this  requirement,  then  it  should  be  ex- 
plicitly stated  in  the  agreement.  Otherwise  the  engineer  will  be  held  to 
the  standard  of  performance  of  other  engineers  in  the  same  field,  and 
will  not  be  required  to  be  perfect. 

At  the  completion  of  the  design  the  engineer  will  prepare  a  set  of 
plans,  specifications,  and  bidding  documents.  These  documents  (usually 
called  "contract  documents")  are  intended  to  describe  the  work  to  be 
done  on  the  project,  establish  the  type  and  quality  of  construction,  and 
allow  contractors  to  submit  competitive  bids.  Clear  and  concise  docu- 
ments are  necessary  so  that  contractors  can  submit  knowledgeable  bids. 


D.    Construction  Bids 

Bid  advertisements  are  usually  published  in  newspapers  serving 
the  community  and  sent  directly  to  contractors  who  are  qualified  in  the 
type  of  construction  appropriate  to  the  project  or  who  express  an  inter- 
est in  the  project.  Lists  of  licensed  contractors  can  be  obtained  from 
the  Associated  General  Contractors  office  in  Helena.  Normally,  projects 
are  advertised  for  three  to  four  weeks  prior  to  the  bid  opening.  The 
engineer  typically  holds  a  pre-bid  conference  to  explain  the  project  to 
interested  contractors,  and  is  available  to  answer  questions  on  the  proj- 
ect. 

At  the  date  and  time  of  the  bid  opening,  the  bids  are  publicly 
opened  and  read  aloud.  Procedures  for  opening  and  reading  bids  are 
also  available  from  the  Associated  General  Contractors  office.  After  the 
bids  have  been  read,  they  are  usually  taken  under  advisement  so  they 
can  be  checked  for  errors  as  well  as  to  make  sure  they  meet  the  neces- 
sary bid  requirements.  State  law  requires  contractors  to  be  licensed 
and  to  submit  payment  and  performance  bonds  for  the  project.  It  is  also 
advisable  to  require  the  contractor  to  carry  adequate  insurance  to  pro- 
tect the  community. 

After  the  bids  have  been  reviewed  and  checked,  the  contract  is 
awarded  to  the  lowest  qualified  bidder,  the  necessary  documents  are 
executed,  and  a  notice  to  proceed  is  issued  by  the  community  to  the 
contractor. 

Some  financial  programs  may  have  slight  variations  on  these  proce- 
dures, and  it  is  advised  that  a  community  review  the  program  require- 
ments prior  to  advertising,  receiving,  and  awarding  construction  bids. 
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E.   Construction 

The  contractor  is  usually  responsible  for  scheduling  all  of  his  con- 
struction activities  and  deciding  on  the  construction  procedures  to  be 
used.  The  contractor  typically  submits  a  construction  schedule  so  the 
community  and  engineer  can  proAdde  the  quality  control  inspections,  and 
make  necessary  adjustments  in  public  services  that  might  be  interrupted 
during  construction. 

The  community  should  require  the  contractor  to  provide  payment 
and  performance  bonds,  as  stated  previously.  These  bonds  insure  that 
the  workers  on  the  project  will  be  paid  and  that  the  project  will  be 
completed,  or  the  bonds  will  be  forfeited  to  the  community.  These 
bonds  protect  the  community  from  liens,  and  insure  that  the  project  will 
be  completed. 

During  construction  the  engineer  either  provides  full-time  quality 
control  inspection  or  makes  periodic  site  visits  to  interpret  contract 
documents  for  the  contractor  and  to  assure  that  the  quality  of  con- 
struction is  in  accordance  with  the  contract  documents.  The  engineer 
also  acts  as  the  community's  representative  in  dealing  with  the  con- 
tractor. 


F.   Start-up  and  Final  Inspection 

At  the  conclusion  of  construction  the  facility  is  tested  and  put  into 
operation;  this  step  is  known  as  the  "start-up".  During  start-up,  the 
community,  engineer  and  contractor  inspect  all  of  the  facilities  and  de- 
termine if  the  work  is  satisfactory.  Any  corrections  or  adjustments  are 
noted  and  are  done  by  the  contractor  at  this  time. 

At  the  completion  of  the  final  inspection  and  corrections,  the  com- 
munity notifies  the  contractor  that  it  has  accepted  the  project.  This  re- 
lieves the  contractor  of  the  responsibility  for  the  project,  which  then 
becomes  the  responsibility  of  the  community.  However,  most  contracts 
require  a  one-year  guarantee  period  during  which  the  contractor  must 
repair  any  defective  material  or  construction.  The  contractor's  perfor- 
mance bond  should  be  required  to  cover  this  one-year  period. 


G.  Summary  of  Implementation 

The  following  Ust  summarizes  in  order  the  steps  that  a  community 
typically  goes  through  to  implement  a  project  once  an  improvement  pro- 
gram, financing  plan,  and  implementation  strategy  have  been  adopted: 
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1.  Engineer  Selection 

2.  Negotiation  of  Engineering  Agreement 

3.  Preparation  of  Plans  and  Specifications 

4.  Advertisement  for  Construction  Bids 

5.  Pre-Bid  Conference 

6.  Bid  Opening 

7.  Construction  Contract  Award 

8.  Notice  to  Proceed  Issuance 

9.  Project  Construction 

10.  Project  Start-up 

11.  Final  Inspection  and  Acceptance 
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Part  IV:  Water  Systems 


A.   Introduction 

In  order  for  a  community  to  make  wise  choices  about  its  water  sys- 
tem, the  governing  body  must  have  accurate  and  adequate  information. 
The  information  must  also  be  presented  in  a  readily  understood  manner. 
The  content  of  this  section  on  water  systems  is  written  so  that  it  can 
be  used  as  a  primer  in  water  supply  and  treatment  to  assist  communities 
in  understanding  their  systems.  It  should  also  prove  useful  in  aiding 
communities  in  establishing  a  plan  for  their  water  system  improvements. 

A  community  water  system  consists  of:  1)  a  water  supply  source; 
2)  water  treatment;  3)  a  distribution  system;  and  4)  storage.  The  pur- 
poses of  the  system  are  to  provide  water  of  adequate  quantity  and  ap- 
propriate quality  for  domestic  and  commercial  use,  and  for  fire  protec- 
tion. 


B.   Water  Supply 

1.   GROUNDWATER 

a.       Groundwater  as  a  Resource 

Groundwater  is  one  of  our  most  widely  distributed  and  most  impor- 
tant resources.  It  exists  wherever  water  can  penetrate  into  the  ground 
and  where  the  material  beneath  the  surface  is  sufficiently  permeable  to 
transmit  the  water,  and  where  the  rate  of  infiltration  is  such  that 
permeable  material  is  saturated  to  an  appreciable  thickness.  Groundwa- 
ter becomes  usable  when  the  saturated  zone  has  a  large  enough  storage 
area  and  is  permeable  enough  to  yield  a  useful  supply  of  water  through 
wells,  and  when  the  mineral  concentration  that  is  accumulated  as  the 
water  percolates  through  the  soil  does  not  reach  such  high  ranges  that 
it  makes  the  water  unfit  for  the  desired  use. 


18 


It  is  interesting  to  note  that  over  95  percent  of  the  fresh  water 
available  in  the  United  States  is  groundwater,  and  that  80  percent  of  all 
U.S.  public  water  supply  systems  utilize  groundwater  as  a  source. 
(However,  surface  water  is  used  extensively  for  larger  areas,  and  more 
people  are  served  by  municipal  supplies  using  surface  water  as  a 
source . ) 

Groundwater  can  be  considered  a  renewable  resource.  The  process 
by  which  groundwater  is  replenished  is  called  the  hydrologic  cycle.  In 
the  hydrologic  cycle,  water  is  evaporated  from  the  oceans  and  land 
areas  and  becomes  part  of  the  atmosphere.  The  evaporated  moisture  is 
carried  until  it  precipitates  out  as  rain  or  snow.  A  portion  of  the  pre- 
cipitated water  that  falls  on  land  infiltrates  into  the  ground  and  replen- 
ishes the  groundwater. 

Interruptions  of  this  cycle  do  occur,  and  can  have  a  significant 
impact  on  groundwater  resources.  In  some  areas,  groundwater  is  being 
withdrawn  at  a  faster  rate  than  it  can  be  replenished,  and  the  ground- 
water level  is  dropping.  Development  or  other  changes  at  the  ground 
surface  can  also  affect  the  rate  at  which  water  enters  the  ground, 
which  in  turn  can  affect  the  quality  or  quantity  of  groundwater.  For 
instance,  in  Montana  surface  plowing  increases  the  absorption  of  the 
soil  and  more  water  percolates  into  the  ground.  This  water  picks  up 
minerals  as  it  moves  through  the  soil;  when  the  water  surfaces  and 
evaporates  it  leaves  a  mineral  residue  that  may  not  be  conducive  to 
plant  growth.  This  process,  known  as  saline  seep,  has  affected  a  large 
portion  of  Montana's  cropland. 


b.       Groundwater  for  Water  Supply 

If  a  suitable  groundwater  source  can  be  found,  it  is  an  attractive 
method  of  obtaining  water.  Groundwater  is  filtered  naturally,  which  re- 
moves sediment  and  organisms.  The  temperature  and  chemical  quality  of 
groundwater  are  generally  stable  over  long  periods  of  time.  However, 
the  most  attractive  feature  of  groundwater  use  is  the  cost.  As  opposed 
to  surface  water  sources,  a  good  groundwater  source  does  not  typically 
require  the  investment  or  operating  costs  of  a  water  treatment  plant.  If 
a  groundwater  source  is  practical  for  a  community,  it  is  often  the  most 
desirable  option. 

The  most  significant  problem  with  groundwater  in  Montana,  in  par- 
ticular the  eastern  part  of  the  state,  is  that  the  groundwater  has  a 
high  mineral  content  that  makes  it  undesirable  for  domestic  use  and  may 
be  harmful  to  people's  health.  However,  even  where  the  mineral  quality 
is  marginal,  groundwater  may  be  the  only  practical  source  available  and 
a  community  may  be  forced  to  rely  on  such  a  source. 
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c.       Groundwater  Aquifers 

The  geologic  formations  that  have  sufficient  water  and  transmissi- 
bility  to  yield  water  in  usable  quantities  are  called  aquifers.  Aquifers 
may  be  generally  classed  as  water  table  or  artesian.  A  water  table  aqui- 
fer is  one  in  which  the  groundwater  has  a  free  surface  open  to  the  at- 
mosphere. This  upper  surface  is  called  the  water  table.  An  artesian 
aquifer  is  one  in  which  the  groundwater  is  confined  by  upper  and  lower 
layers  of  material  of  low  permeability,  and  the  groundwater  is  under 
pressure.  In  an  artesian  aquifer,  the  water  will  rise  in  a  well  to  a  level 
above  the  top  of  the  aquifer. 

The  location  of  a  potential  aquifer  should  be  done  by  a  systematic 
and  methodical  investigation.  Techniques  that  can  be  used  include  such 
geotechnical  studies  as  seismic  analysis,  resistivity  tests,  electric  log- 
ging, and  similar  methods.  However,  these  techniques  only  provide  in- 
dications of  the  probability  of  finding  a  suitable  aquifer.  The  only  posi- 
tive way  of  estimating  the  yield  of  an  aquifer  is  to  conduct  a  pumping 
test.  A  pumping  test  typically  consists  of  a  well  to  be  pumped  and  two 
or  three  monitoring  wells  to  determine  the  drawdown  in  the  water  table. 


d.       Wells 

A  well  is  simply  a  shaft  or  hole  sunken  into  the  ground  to  obtain 
water  from  an  aquifer.  Wells  are  generally  classed  according  to  the 
method  of  construction:  dug,  bored,  driven,  or  drilled  (except  for  the 
radial  collector  well,  which  does  not  fit  any  of  these  classifications). 
These  various  types  of  wells  have  been  developed  to  accommodate  the 
variety  of  geologic  and  hydrogeologic  conditions  that  are  typically  en- 
countered. A  brief  description  of  these  types  of  wells  is  given  in  the 
following  narrative. 

i)        Dug  Wells 

A  dug  well  is  usually  large  in  diameter  when  installed  for  municipal 
purposes  and  typically  is  from  20  to  40  feet  deep.  This  type  of  well 
utilizes  the  water  from  all  of  the  water-bearing  formations  that  it  pene- 
trates, and  is  capable  of  producing  large  amounts  of  water  from  shallow 
sources.  Because  of  the  limited  filtration  provided  by  the  shallow 
depth,  dug  wells  can  become  contaminated  if  not  protected,  and  may  re- 
quire additional  treatment. 

ii)       Bored  Wells 

A  bored  well  is  constructed  with  hand  or  power  augers  where  wa- 
ter can  be  obtained  from  unconsolidated  formations  at  relatively  shallow 
depths.  These  formations  are  usually  glacial  till  and  alluvial  valley  de- 
posits ranging  from  about  25  to  60  feet  in  depth. 
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iii)     Driven  Wells 

A  driven  well  consists  of  a  pointed  screen  called  a  "drive  point" 
with  lengths  of  pipe  attached  which  is  driven  into  deposits  of  sand  or 
gravel  that  contain  water.  This  type  of  well  is  generally  practical  only 
to  depths  of  about  30  to  40  feet  and  is  used  where  the  water  table  is 
near  the  surface. 

iv)     Drilled  Wells 

A  drilled  well  is  installed  by  using  a  drilling  rig  to  excavate  or 
drill  a  well  hole,  and  then  forcing  a  casing  down  the  hole  to  keep  it 
from  collapsing  and  caving  in.  When  a  water-bearing  formation  is  found, 
a  well  screen  is  set  in  place  to  allow  water  to  flow  into  the  well  while 
filtering  out  fine  material  in  the  water.  Drilled  wells  are  very  versatile 
and  can  be  used  in  shallow  unconsolidated  aquifers  as  well  as  deep 
wells.  This  is  the  type  of  well  most  commonly  used  for  municipal  pur- 
poses . 

v)      Radial  Wells 

A  radial  well  consists  of  a  central  caisson  that  is  sunk  into  a  shal- 
low aquifer  with  horizontal  driven  wells  projecting  outward  from  the 
bottom  of  the  caisson  into  the  aquifer.  The  radial  driven  wells  collect 
the  water  from  the  aquifer,  and  the  caisson  stores  the  water.  Under 
the  proper  circumstances  and  if  correctly  designed  and  constructed, 
this  type  of  well  can  produce  large  quantities  of  good  quality  water. 
However,  because  the  supply  is  usually  from  a  shallow  groundwater 
source,  the  water  produced  from  a  radial  well  may  require  a  higher  de- 
gree of  treatment  than  water  from  a  deep  well. 


e.       Summary 

In  summary,  groundwater  has  great  potential  for  use  as  a  water 
source  for  small  communities  in  Montana,  primarily  because  groundwater 
is  generally  cheaper  to  obtain  and  treat  than  surface  water  sources. 
However,  many  areas  of  the  state  do  not  have  suitable  groundwater  due 
to  a  high  mineral  content.  In  the  opinion  of  the  authors,  all  potential 
groundwater  sources  should  be  thoroughly  investigated  before  the  com- 
munity commits  to  a  surface  water  alternative. 


2.       SURFACE  WATER 

Most  large  communities  in  Montana  as  well  as  in  other  states  use 
surface  water  as  their  prime  municipal  water  supply  source.  In  fact, 
the  largest  volume  of  water  (about  80%)  for  municipal  use  is  taken  from 
surface  water  sources.  Surface  water  typically  requires  treatment  be- 
cause of  presence  of  contaminants. 
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Surface  water  is  typically  collected  in  Montana  by  several  different 
methods.  These  methods  can  consist  of:  1)  direct  intake;  2)  infiltration 
gallery;  3)  induced  infiltration  wells;  and  4)  alluvial  wells.  Of  these 
methods,  direct  intakes  and  infiltration  galleries  usually  require  full 
treatment  in  addition  to  disinfection.  Induced  infiltration  wells  and  allu- 
vial wells  usually  require  only  disinfection  if  the  alluvial  aquifer  is  suf- 
ficient to  provide  natural  filtering  to  meet  turbidity  standards. 


Direct  Intake 


Direct  intake  from  a  stream  or  reservoir  can  be  done  by  either 
continuous  draft  or  selective  draft.  Continuous  draft  intakes  are  those 
that  take  their  water  supply  from  a  surface  water  source  for  the  entire 
year.  Continuous  draft  systems  normally  involve  such  facilities  as  an 
intake  structure,  intake  conduit,  and  a  pumphouse. 

In  some  areas,  low  flows  may  have  to  be  left  undisturbed  and  only 
high  waters  can  be  captured  and  used.  In  this  case,  the  excess  water 
must  be  diverted  and  stored  for  use  during  the  remainder  of  the  year 
when  water  cannot  be  withdrawn.  This  process  is  known  as  selective 
draft. 

Some  communities  have  identified  watershed  areas  in  high  and 
sparsely  settled  areas  that  are  capable  of  producing  and  storing  good 
quality  water.  Generally  these  watersheds  have  flows  that  vary 
throughout  the  year,  and  in  order  to  be  of  use,  the  runoff  must  be 
stored  in  sufficient  volume  to  assure  an  adequate  supply.  This  storage 
is  generally  accomplished  by  constructing  a  dam  and  impounding  a  suf- 
ficient amount  of  the  runoff  to  supply  the  community. 

In  Montana,  most  of  the  surface  water  supplies  come  from  continu- 
ous draft  intakes  from  rivers  that  flow  all  year.  However,  some  commu- 
nities such  as  White  Sulphur  Springs  and  Helena  use  impoundments  from 
watersheds  for  a  part  or  all  of  their  water  supply  system. 

In  general,  direct  intakes  are  more  practical  for  larger  communities 
requiring  a  large  amount  of  water  which  have  the  capability  to  finance  a 
staff  to  maintain  and  operate  a  water  treatment  plant. 


Infiltration  Galleries 


A  number  of  communities  in  Montana  utilize  infiltration  galleries 
adjacent  to  a  stream  to  supply  their  water.  An  infiltration  gallery  typic- 
ally consists  of  perforated  pipe  laterals  which  are  placed  either  directly 
in  the  stream  or  immediately  adjacent  to  the  stream.  The  laterals  are 
bedded  in  gravel  of  varying  sizes  to  edlow  water  to  enter  the  lateral, 
but  still  offer  some  filtering.  Infiltration  galleries  can  work  well  if 
properly  designed.  However,  they  are  prone  to  plugging,  and  provi- 
sions to  periodically  backwash  the  gallery  with  both  air  and  water  are 
suggested. 

It  is  possible  to  design  an  infiltration  gallery  to  provide  water  that 
could  meet  turbidity  requirements;    however,   the  construction  would  be 
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fairly  expensive  and  the  reliability  and  life  of  the  facility  would  be  in 
question.  In  most  cases  an  infiltration  gallery  is  used  as  an  intake 
structure  with  some  settling  and  filtration,  and  full  treatment  would  still 
be  required. 

A  typical  infiltration  gallery  is  shown  in  Figure  1. 


Figure  1.   Typical  Infiltration  Gallery 

/Note:    Water  level  varies 
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c.       Induced  Infiltration 

A  concept  that  has  not  been  widely  practiced  in  Montana  but  is 
used  in  the  Midwest  and  western  states  is  a  process  called  "induced  in- 
filtration". An  induced  infiltration  system  consists  of  a  caisson  installed 
adjacent  to  a  surface  water  source  in  an  alluvial  aquifer.  Perforated  or 
slotted  laterals  are  driven  horizontally  under  the  surface  water  source. 
The  laterals  collect  water  in  the  alluvial  material  under  the  surface  wa- 
ter, emd  it  flows  into  the  caisson.  As  water  is  pumped  out  of  the  cais- 
son, a  difference  in  elevation  in  the  water  surface  from  the  surface  wa- 
ter source  and  the  caisson  induces  water  to  infiltrate  into  the  aquifer 
where  it  is  collected  by  the  laterals;  hence  the  term  "induced  infiltra- 
tion". 

If  the  aquifer  is  sufficiently  deep  and  is  comprised  of  a  suitable 
gradation  of  permeable  material,  the  surface  water  is  naturally  filtered 
and  the  only  treatment  required  is  disinfection.  Installations  of  this 
type  have  been  in  use  with  minimal  maintenance  for  more  than  thirty 
years.  Water  quality  is  also  very  close  to  surface  water  quality. 
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Prior  to  installing  such  a  system,  an  extensive  hydrogeological 
study  must  be  done  to  assure  that  water  of  adequate  quantity  and  qual- 
ity can  be  obtained.  If  an  induced  infiltration  system  is  appropriate,  it 
is  usually  much  less  expensive  than  a  water  treatment  plant,  and  opera- 
tion and  maintenance  costs  are  less. 

An  induced  infiltration  system  is  virtually  identical  to  a  radial  well 
except  that  the  laterals  are  directed  under  the  surface  water  source, 
and  the  source  of  water  is  primarily  surface  water  instead  of  ground- 
water. 


d.       Alluvial  Wells 

In  some  cases  the  alluvium  adjacent  to  the  stream  is  directly  con- 
nected hydraulically  to  the  stream  and  it  is  possible  to  obtain  stream 
water  that  is  filtered  naturally  by  installing  a  bored,  drilled,  or  dug 
well.  Wells  of  this  nature  also  rely  on  the  induced  infiltration  process 
that  was  discussed  in  the  previous  section. 

Alluvial  wells  are  a  relatively  inexpensive  source  of  water.  How- 
ever, they  can  become  contaminated  easily  and  may  be  of  lesser  water 
quality  than  the  surface  water  if  the  groundwater  in  the  area  is  highly 
mineralized. 


3.        WATER  QUANTITY 

One  of  the  first  elements  of  planning  of  water  systems  is  to  deter- 
mine the  quantity  of  water  that  the  community  will  require.  This  is  es- 
tablished both  by  the  volume  of  water  that  will  be  used  by  the  commu- 
nity and  the  rate  at  which  the  water  must  be  delivered.  Design  of  a 
water  system  must  consider  both  of  these  factors. 

The  volume  of  water  required  by  a  community  is  determined  pri- 
marily by  the  water  consumed  for  domestic  purposes  and  water  that  is 
unaccounted  for.  Unaccounted-for  water  is  due  primarily  to  leakage  and 
other  water  losses  in  the  water  system  such  as  tank  overflows.  There  is 
some  leakage  in  all  distribution  systems,  and  the  determination  of 
whether  a  leakage  investigation  and  repairs  are  cost-effective  is  usually 
established  by  conducting  a  leakage  study.  This  subject  is  addressed  in 
greater  depth  later  in  this  chapter. 

Water  use  in  the  home  typically  consists  of  flushing  toilets,  taking 
baths,  washing  dishes,  washing  clothes,  drinking,  and  irrigation.  Water 
use  in  a  community  also  consists  of  water  used  for  commercial  and  in- 
dustrial purposes.  Most  communities  in  the  United  States  consume  an 
average  of  about  150  gallons  per  capita  per  day  (gpcd)  for  all  uses. 
However,  in  Montana  water  use  is  considerably  higher,  and  covers  a 
wide  range  of  values.  The  following  table  shows  the  water  use  in  sever- 
al cities  and  towns  in  Montana. 
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TABLE  1 
WATER  USE  IN  SELECTED  COMMUNITIES  IN  MONTANA 


Annual  Water  Year 

Community Use  (gpcd) Measured 

Harlem                                                       154  1979 

Helena                                                       260  1976 

Shelby                                                       190  1979 

Chester                                                     170  1980 

Fort  Benton                                             360  1982 

Townsend                                                 613  1980 


Water  use  can  vary  considerably  throughout  the  year  in  Montana, 
with  the  low  use  generally  occurring  in  the  winter  months  and  the  high 
use  occurring  in  the  summer  when  a  large  part  of  the  water  used  is  for 
irrigation.  Some  unusual  water  use  patterns  have  been  seen,  however; 
for  example,  if  a  community  has  problems  with  freezing  water  lines,  and 
water  taps  are  left  running  continuously  in  the  winter  to  prevent  water 
services  from  freezing. 

In  designing  a  water  system,  it  must  be  realized  that  each  commu- 
nity is  unique  in  its  water  use,  and  care  must  be  taken  to  assure  that 
the  system  is  capable  of  handling  both  low  flows  and  peak  flows.  Figure 
2  shows  the  water  used  in  the  City  of  Fort  Benton  during  the  1982  cal- 
endar year.  Note  that  the  peak  use  is  about  eight  times  the  average 
use.  Any  water  supply  system  must  be  capable  of  supplying  the  peak 
demand  or  the  community  will  be  faced  with  water  shortages  and  will 
possibly  have  to  restrict  irrigation  or  ration  water.  Public  education  to 
encourage  water  conservation  and/or  the  installation  of  water  meters  on 
services  are  means  by  which  a  community  can  reduce  its  peak  and  total 
consumption.  Because  of  the  expense  of  installing  and  reading  water 
meters,  an  economic  analysis  comparing  costs  to  expected  savings 
should  be  conducted  prior  to  implementing  a  metering  program. 
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Figure  2.   Water  Use  in  Fort  Benton,  Montana 
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4.        WATER  QUALITY 

Water  quality  is  measured  in  terms  of  chemical  and  bacteriological 
quality.  The  generally  accepted  standard  for  the  chemical  composition  of 
water  to  be  used  for  domestic  purposes  is  given  in  the  following  table. 
These  are  the  published  Federal  Drinking  Water  Standards  as  contained 
in  the  Safe  Drinking  Water  Act. 

Bacteriological  quality  is  concerned  with  waterborne  organisms  that 
cause  disease.  These  include  bacteria,  protozoa,  worms,  viruses,  and 
fungi.  The  infective  disease  contaminants  of  water  are  commonly  classi- 
fied under  the  heading  of  "bacteriological  quality"  because  the  indicat- 
ors that  are  generally  used  to  establish  the  purity  of  water  are  bac- 
teria. 

The  number  of  pathological  organisms  in  natural  waters  is  small, 
and  therefore  difficult  to  measure.  Indicator  organisms  that  provide  an 
indication  of  the  presence  or  absence  of  contaminating  organisms  are 
used  to  measure  the  degree  to  which  contamination  may  be  present.  The 
most  common  indicator  is  the  coliform  group  of  organisms.  These  organ- 
isms are  used  as   an  indicator  because  they   may   show  the  presence  of 
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TABLE  2 

FEDERAL  DRINKING  WATER  STANDARDS  FOR  COMMUNITY  WATER  SYSTEMS^ 
(does  not  include  all  applicable  standards) 


PRIMARY  DRINKING  WATER  STANDARDS 
(For  Inorganic  Chemicals) 

Maximum  Level, 
Milligrams 

Contaminant per  Liter 

Arsenic  0,05 

Barium  1. 

Cadmium  0.010 

Chromium  0.05 

Lead  0.05 

Mercury  0.002 

Nitrate  (as  N)  10. 

Selenium  0.01 

Silver  0.05 

Fluoride  1.4  -  2.4 

Turbidity  1.0  TU 


SECONDARY  DRINKING  WATER  STANDARDS'* 


Contaminant Level 

Chloride  250  mg/1 

Color  15  Color  Units 

Copper  1  mg/1 

Corrosivity  Non-corrosive 

Foaming  Agents  0.5  mg/1 

Hydrogen  Sulfide  0.05  mg/1 

Iron  0.3  mg/1 

Manganese  0.05  mg/1 
Odor                                                3  Threshold  Odor  Number 

pH  6.5  -  8.5 

Sulfate  250  mg/1 

TDS  500  mg/1 

Zinc  5  mg/1 


1.  Federal  Register,   Vol.  40,  No.   248,  Wednesday,  December  24,   1975 

2.  Level  depends  on  annual  average  maximum  daily  air  temperature 

3.  For  monthly  average.   Higher  turbidities  may  be  allowed  under  spe- 
cial circumstances. 

4.  Federal  Register,  Vol.  42,  No.  62,  Thursday,  March  31,   1977 
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fecal  matter,  and  human  and  animal  feces  are  the  primary  source  of 
pathogenic  organisms.  Therefore,  the  presence  of  coliforms  indicates  the 
probable  presence  of  such  pathogens. 

The   standard  established  by  the   Safe   Drinking  Water   Act  is   that 
no  sample  taken  shall  exceed  one  coliform  organism  per  100  ml  of  water. 


C.   Water  Treatment 

The  objectives  of  water  treatment  are  to  provide  water  that  is  safe 
to  drink  and  appealing  to  the  consumer  at  a  reasonable  cost.  Water  that 
is  safe  to  drink  (that  is  free  from  contamination  by  waterborne  disease) 
is  obviously  the  most  important  consideration.  Appealing  water  is  that 
which  is  clear  and  colorless,  pleasant  to  the  taste,  cool,  non-staining, 
non-corrosive,  and  which  will  not  form  scales. 

If  the  water  source  is  not  of  a  quality  which  meets  these  criteria, 
then  it  may  be  necessary  to  provide  treatment  of  some  kind  before  the 
water  can  be  delivered  to  consumers. 


1.        DISINFECTION 

If  a  water  supply  system  meets  all  of  the  chemical  and  aesthetic 
standards  for  municipal  use  but  there  is  evidence  of  the  potential  for 
contamination  by  waterborne  organisms,  then  the  applicable  treatment 
would  be  disinfection.  Water  disinfection  is  done  to  destroy  or  inactivate 
disease-producing  (pathogenic)  organisms. 

Disinfection  in  community  water  systems  is  almost  exclusively  done 
by  oxidizing  the  organic  material  in  water  through  the  addition  of 
chlorine.  Chlorine  is  a  strong  oxidant  and  a  very  effective  germicide 
which  has  been  used  for  disinfecting  water  supply  systems  in  the  Unit- 
ed States  since  about  1910.  The  addition  of  chlorine  to  water  causes  a 
complex  physiochemical  reaction  that  is  not  fully  understood;  however, 
it  is  generally  believed  that  the  chlorine  interferes  with  the  metabolic 
activity  of  the  cells,  thereby  causing  their  death. 

The  following  figure  illustrates  the  importance  of  chlorine  in  disin- 
fecting water  supply  systems  and  its  effectiveness  in  reducing  water- 
borne  diseases. 
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Figure  3.   Effectiveness  of  Chlorine 

in  Disinfecting  Water  Supply  Systems 
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Average  annual  number  of  waterbome  disease  outbreaks, 
1920  to  1960,  and  the  number  of  water  plants  using  chlorine. 

Source:  "New  Concepts  in  Water  Purification,"  Gordon  L.  Culp  and  Russell  L.  Culp 


Other  methods  of  disinfection  include  oxygenation  by  adding  ozone, 
and  irradiation  by  ultraviolet  light.  Both  of  these  methods  are  extremely 
effective  (generally  more  so  than  chlorine)  in  rapidly  and  thoroughly 
disinfecting  water.  However,  their  chief  disadvantage  is  that  they  dissi- 
pate rapidly  and  do  not  provide  continuous  protection  in  the  distribu- 
tion system.  These  methods  are  also  more  energy-intensive  and  technic- 
ally more  complex  than  chlorination .  Since  the  properties  of  ozone  and 
ultraviolet  disinfection  in  comparison  with  chlorine  are  in  many  ways 
complementary,  it  would  seem  that  a  disinfection  process  using  both 
methods  would  provide  an  almost  ideal  form  of  disinfection.  This  is  pre- 
sently being  done  in  the  Netherlands  at  Amsterdam  using  a  combination 
of  ozone  and  chlorine.  It  seems  logical  that  this  combination  will  find 
increasing  use  in  the  United  States  as  improvements  in  ozone  and  ultra- 
violet disinfection  are  made. 
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2.        FLOCCULATION 

If  a  treatment  plant  requires  removal  of  suspended  particles  as 
well  as  disinfection,  then  a  more  complete  process  of  water  treatment  is 
required.  The  typical  water  treatment  process  usually  involves  floccula- 
tion,   sedimentation,  and  filtration. 

Flocculation  is  the  assembling  of  particles  which  have  been  chemic- 
ally joined  together  into  particles  large  and  dense  enough  to  sink  to  the 
bottom  of  a  settling  chamber.  A  process  called  coagulation,  which  is  the 
driving  together  of  colloidal  particles  by  chemical  and  electrical  forces, 
precedes  flocculation. 

In  a  treatment  plant,  a  coagulant  chemicsil  such  as  aluminum  sulfate 
(alum)  and/or  a  flocculation  aid  like  poly-electrolytes  (polymer)  are 
added  to  the  raw  water  and  vigorously  mixed  (rapid  mixing)  to  diffuse 
the  chemicals  and  put  them  into  contact  with  the  suspended  particles. 
These  small  particles  coalesce,  increase  in  size,  and  result  in  a  larger 
particle  of  greater  density  called  "floe".  These  particles  then  pass  into 
an  area  in  the  settling  basins  where  the  flow  is  more  tranquil,  velocities 
and  disturbances  are  less,  and  the  floe  can  settle  to  the  bottom  of  the 
chamber. 


3.       SEDIMENTATION 

Sedimentation  is  the  process  of  settling  out  particles  in  the  water 
by  putting  the  water  into  a  tranquil  environment.  The  application  of 
sedimentation  can  involve  plain  sedimentation  or  sedimentation  following 
flocculation.  Plain  sedimentation  is  usually  a  pretreatment  process  used 
in  waters  with  a  heavy  sediment  load  prior  to  other  treatment  pro- 
cesses. This  preliminary  sedimentation  process  is  also  referred  to  as 
"presedimentation" . 

Sedimentation  following  flocculation  is  used  to  remove  particles  that 
have  been  made  more  settleable  by  chemical  treatment.  Actually,  floccu- 
lation and  sedimentation  are  not  totally  separate  processes,  since  some 
additional  flocculation  usually  occurs  in  the  sedimentation  basin. 

The  effectiveness  of  a  sedimentation  basin  depends  on  the  settling 
characteristics  of  the  suspended  solids  that  are  to  be  removed,  and  on 
the  hydraulic  characteristics  of  the  settling  tank.  The  objective  of  the 
settling  tank  is  to  reduce  the  velocities  so  that  the  downward  settling 
velocity  of  the  suspended  particles  exceeds  the  upward  hydraulic  veloc- 
ity of  the  water  moving  through  the  tank,  and  the  particles  fall  to  the 
bottom  of  the  settling  tank. 

After  the  particles  have  settled  out,  the  accumulated  sludge  must 
be  removed.  This  can  be  done  by  sloping  the  bottom  of  the  settling 
tank    to   a    sludge   hopper,    where   the    sludge   is   blown   off  by   opening 
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valves  and  flushing  out  the  sludge.  Another  method  is  the  use  of  a 
sludge  scraper  mechanism  to  move  the  sludge  to  a  trough  in  the  tank 
where  it  can  be  more  easily  removed. 


4.        FILTRATION 

Filtration  involves  passing  water  through  a  porous  medium  such  as 
sand  for  the  purpose  of  removing  suspended  and  colloidal  material  from 
the  water.  Filtration  is  usually  thought  of  as  a  straining  process;  how- 
ever, other  physical  and  chemical  processes  are  of  equal  or  greater  im- 
portance in  filtering.  These  include  adsorption,  flocculation  and  sedi- 
mentation. Adsorption  is  the  adhering  of  suspended  particles  to  the  fil- 
ter grains.  Flocculation  and  sedimentation  have  been  explained  earlier, 
and  continue  within  the  pore  spaces  of  the  filter.  Effective  filtration  in- 
volves all  of  these  processes,  and  if  they  are  done  correctly  can  result 
in  a  high  quality  finished  water. 

Filtration  occurs  naturally  in  groundwater  aquifers  which  in  es- 
sence filter  surface  water  as  it  passes  through  the  soil  to  recharge  the 
groundwater.  In  some  areas  this  groundwater  recharge  is  artificially  in- 
duced, and  the  natural  filtering  action  of  in-place  sand  and  gravel  is 
used  to  purify  the  water  as  it  enters  the  groundwater  regime. 

In  Montana  as  well  as  most  other  areas  in  the  United  States,  the 
predominant  method  of  filtering  is  accomplished  by  rapid  sand  filters 
consisting  of  a  bed  of  porous  sand  through  which  water  is  passed  to 
remove  impurities.  The  rate  of  flow  through  a  rapid  sand  filter  can 
vary  from  one  gpm  per  square  foot  of  filter  bed  to  as  high  as  eight 
gpm.  As  the  turbid  water  passes  through  the  filter  media,  the  impuri- 
ties are  deposited  in  the  sand  bed  and  the  water  is  cleansed.  The  rapid 
sand  filters  are  cleaned  in  place  by  reversing  the  flow  through  the  fil- 
ter (backw ashing) ,  which  expands  the  filter  media.  The  media  is  usual- 
ly agitated  with  water  and/or  air  to  loosen  the  particles,  and  the  dirty 
water  is  collected  and  discharged. 

The  primary  disadvantage  of  a  rapid  sand  filter  is  that  during  the 
backwashing  period  the  sand  is  hydraulically  graded  and  the  finer  ma- 
terial rises  to  the  top.  The  influent  passes  through  this  finer  material 
first,  so  the  top  portion  of  the  filter  bed  is  the  only  section  that  is 
used.  Newer  filters  composed  of  dual  media  (coal  and  sand)  or  mixed 
media  (three  or  more  materials  with  varying  specific  gravities)  are  much 
more  efficient  in  removing  suspended  particles,  increasing  filter  runs, 
and  reducing  the  amount  of  backwash  required. 

The  following  figure  illustrates  the  relative  effectiveness  of  these 
three  types  of  filters. 
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Figure  4.   Effectiveness  of  Filter  Types 


Source:   "Water  Treatment  Plant  Design,"  American  Water  Works  Association,  Inc. 

Diagram  (a)  represents  a  single-media  bed  such  as  a  rapid  sand 
filter.  The  bottom  half  of  a  filter  of  this  type  does  little  or  no 
work.  Diagram  (b)  represents  an  ideal  filter  uniformly  graded 
from  coarse  to  fine  from  top  to  bottom.  Diagram  (c)  repre- 
sents a  dual-media  bed,  with  coarse  coal  above  fine  sand, 
which  approaches  the  goal  of  the  ideal  filter. 


Whenever  a  filter  media  is  to  be  replaced  or  a  new  filter  installed, 
the  filter  should  be  at  least  a  dual  media  (coal  and  sand),  and  mixed 
media  filters  should  be  considered. 


D.   Distribution 


1.        DISTRIBUTION  SYSTEM  PIPING 

The  system  of  pipes  that  distributes  water  from  the  supply  to  the 
user  is  known  as  the  distribution  system.  The  major  components  of  this 
system  are  the  water  mains,  valves,  fire  hydrants,  and  service  connec- 
tions. Water  mains  are  usually  laid  out  in  a  looping  system  so  that  any 
one  location  in  the  distribution  system  can  be  fed  from  two  directions. 
This  in  effect  doubles  the  amount  of  water  that  can  be  delivered  to  any 
one  point  in  the  distribution  system.  An  additional  advantage  of  a  loop- 
ed system  is  that  the  water  cannot  stand  in  a  dead-end  pipe  and  be- 
come stagnant.  For  these  reasons,  it  is  desirable  and  in  most  cases  re- 
quired by  regulatory  agencies  to  have  looped  water  lines  whenever 
practiced. 
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a.       Pressure 

Pressures  in  the  distribution  system  are  preferred  in  the  50  to  80 
psi  range,  and  the  distribution  system  should  be  designed  to  supply 
water  at  these  pressures.  Pressures  in  excess  of  100  psi  should  be 
avoided,  since  such  high  pressures  will  increase  leakage  in  the  system 
and  increase  the  chance  for  pipe  failure  as  well  as  increasing  wear  and 
breakage  problems  in  household  fixtures.  Pressure  reducing  valves  on 
water  mains  or  individual  services  can  be  used  to  reduce  localized  high 
pressure. 


System  Tests 


The  efficiency  of  a  water  distribution  system  can  be  tested  by:  1) 
pressure  surveys,  which  indicate  the  hydraulic  efficiency  in  meeting 
normal  flow  requirements;  2)  hydrant  flow  tests,  which  measure  the 
ability  of  the  distribution  system  to  deliver  high  volumes  of  water;  and 
3)  office  studies  of  the  distribution  system,  which  typically  simulate  the 
operation  of  the  distribution  system  under  various  conditions.  A  detail- 
ed study  of  the  distribution  system  would  likely  involve  a  combination 
of  all  of  these  methods. 


c.       Distribution  Pipes 

Distribution  Pipes  are  generally  cast  or  ductile  iron,  asbestos- 
cement,  or  polyvinyl  chloride.  In  the  past,  ductile  iron  has  been  pre- 
dominantly used,  but  recently  polyvinyl  chloride  (PVC)  has  been  a  pop- 
ular choice.  Each  pipe  material  has  distinct  advantages  and  disadvan- 
tages, and  the  choice  is  usually  dependent  upon  local  conditions  and 
performance  as  well  as  costs. 


d.      Valves 

A  distribution  system  should  have  the  capability  of  isolating  a  line 
in  the  event  of  a  leak  or  break.  This  is  accomplished  by  installing 
valves  at  strategic  locations  in  the  system.  A  rule  of  thumb  is  that  no 
more  than  three  valves  should  be  required  to  be  closed  to  isolate  a  par- 
ticular main.  Proper  valving  of  a  distribution  system  assures  that  in  the 
event  of  a  localized  failure,  the  area  to  which  service  must  be  disrupted 
to  facilitate  repair  is  kept  to  a  minimum. 
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e.       Fire  Hydrants 

Hydrants  are  for  the  purposes  of  providing  a  flow  of  water  for 
firefighting ,  washing  down  streets,  or  flushing  water  mains  to  remove 
sediment.  All  of  these  purposes  require  high  volumes  of  water,  and  fire 
hydrants  are  intended  for  these  high  flows.  Water  lines  serving  stan- 
dard fire  hydrants  are  usually  at  least  six  inches  in  diameter,  and 
should  be  capable  of  supplying  about  1,000  gallons  per  minute  or  more, 
depending  on  the  type  of  land  use  involved. 


Service  Connections 


"Service  connection"  is  a  term  which  describes  the  system  by 
which  water  is  delivered  from  the  water  main  to  the  user.  A  service 
connection  consists  of  a  corporation  stop  (tap  to  the  main) ,  service 
line,  and  a  curb  valve  and  box.  A  typical  residential  service  connection 
is  shown  in  Figure  5. 


Figure  5.   Typical  Residential  Water  Service  Connection 

Relief  valve 


Meter  stop 


Water  meter 
Pressure  regulator  (if  needed) 


Corporation  stop 


(a) 


Distribution  main 


Service  box 


Ground  key  curb  stop  and  drain 

Property  line 


Typical  residential  service  connection:  (a)  Service  line  and  meter 
box  installation,    (b)  Complete  residential  water  service. 
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2.       STORAGE 

In  most  water  supply  systems,  the  water  supply  is  not  adequate  to 
meet  consumption  and  fire  demands  during  peak  periods.  In  these 
cases,  storage  will  be  required.  The  principal  function  of  storage  is  to 
permit  a  continuous  supply  of  water  to  be  delivered  into  the  distribu- 
tion system  while  storing  water  at  various  locations  in  advance  of  actual 
need.  Storage,  if  properly  elevated,  also  maintains  system  pressure. 
The  following  figure  shows  the  balancing  of  supply  versus  demand  that 
is  provided  by  a  typical  storage  situation. 


Figure  6.   Water  Supply  Versus  Demand 


12  2 

Midnight 


Plot  of  hourly  water  consumption  rates  to  determine  storage 
needed  to  equalize  demand  at  constant  pumping  rate. 


The  amount  of  storage  needed  is  the  volume  needed  to  balance  de- 
mand and  supply,  to  meet  reserve  requirements,  and  to  provide  ade- 
quate fire  flows. 
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3.       PUMPING 

Pumps  supply  water  from  the  source  to  the  distribution  system  and 
storage.  The  most  common  pumps  are  vertical  turbine,  centrifugal,  and 
submersible.  The  selection  of  pumps  is  dependent  upon  the  reservoir  or 
sump  facilities  at  the  source,  the  flow  of  water,  the  pressure,  and  the 
efficiency  of  the  pump  and  motor. 

In  a  system  that  maintains  its  pressure  with  storage,  the  pumps 
can  be  designed  to  supply  water  at  a  constant  rate  so  that  the  pump  is 
either  on  or  off.  In  the  absence  of  elevated  storage  where  the  system 
pressure  is  to  be  maintained  by  the  pumps,  a  more  complex  pumping 
arrangement  is  required  to  meet  the  varying  demands  of  peak  and  off- 
peak  periods.  If  pressure  is  to  be  maintained  by  pumps,  then  a  combi- 
nation of  high-flow  pumps  for  fire  flows  and  peak  demand  as  well  as 
low-flow  pumps  for  off-peak  demand  must  be  installed.  The  recent  im- 
provements in  variable-speed  pumps  have  increased  the  range  over 
which  it  is  practical  to  maintain  pressure  with  pumps;  however,  the  ef- 
ficiency of  these  pumps  is  less  than  that  of  a  pump  operating  at  a  con- 
stant pressure  and  flow.  It  is  usually  more  desirable  to  use  elevated 
storage  to  maintain  system  pressure  whenever  practical,  because  it 
generally  is  more  cost-effective  than  maintaining  pressure  with  pumps. 


4.        FIRE  PROTECTION 

In  addition  to  supplying  water  for  domestic  and  commercial  uses,  a 
water  system  must  be  capable  of  supplying  water  for  fire  fighting  pur- 
poses. In  most  cases,  the  size  of  the  system  is  determined  by  the  re- 
quired fire  flow. 

Fire  flows  are  established  by  the  Insurance  Services  Office,  which 
has  its  Montana  office  in  Great  Falls.  This  organization  uses  a  standard 
for  grading  a  municipality's  ability  to  combat  fires.  The  better  the  fire 
defenses  of  a  community,  the  lower  the  fire  insurance  rates. 

The  following  table  shows  typical  fire  flows  required  for  residential 
units. 

A  municipality  will  have  domestic  and  commercial  water  demands  at 
the  same  time  that  a  fire  occurs,  and  an  adequate  water  system  must  be 
capable  of  delivering  the  required  fire  flow  and  satisfying  municipal 
consumption  at  the  same  time. 
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TABLE  3 
REQUIRED  FIRE  FLOWS   FOR  RESIDENTIAL  UNITS 


Distance  Between 

Dwelling  Units 

Required  Fire  Flows* 

(ft.) 

(gpm) 

Over  100  500 

31  to  100  750  to  1,000 

11  to  30  1,000  to  1,500 

10  or  less  1,500  to  2,000 

Continuous  Buildings  2,500 

*     Where   wood   shingle   roofs   could   contribute   to   spreading  fires,    add 
500  gpm. 


Source :      "Guide    for   Determination   of   Required    Fire    Flow",    Insurance 
Services  Office,  June,   1972. 


5.       LEAKAGE 

Every  water  system  has  a  certain  amount  of  leakage  and  other 
unaccounted-for  water.  However,  many  systems  have  an  excessive 
amount  of  water  loss,  and  are  incurring  needless  expense  for  pumping 
and  treating  water.  In  some  cases  a  community  will  spend  a  considerable 
amount  of  time  and  effort  looking  for  additional  sources  of  water,  when 
it  may  be  more  practical  and  cheaper  to  reduce  water  loss  in  the  sys- 
tem. 

The  following  graph  illustrates  the  volume  of  water  that  is  potenti- 
ally being  lost  in  Townsend,  Montana. 

New  techniques  have  made  programs  to  reduce  water  leakage  much 
more  practical  by  significantly  improving  the  ability  of  a  community  to 
identify  locations  of  water  losses.  These  techniques  include  specially 
designed  electronic  equipment  that  picks  up  the  sound  of  water  leaking, 
and  flow  measurements  which  audit  the  amount  of  water  entering  and 
leaving  the  system.  A  community  should  be  aware  of  the  amount  of  un- 
accounted-for water.  If  it  is  excessive,  the  community  should  consider  a 
water  audit  to  determine  if  a  leakage  detection  and  water  main  repair 
program  would  be  cost-effective. 
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Figure  7.   Water  Use  and  Estimated  Leakage 
in  Townsend,  Montana 
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E.   Operation  and  Maintenance 

Once  a  community  has  an  adequate  system  installed,  a  program  to 
keep  the  system  in  good  operating  condition  is  necessary  to  insure  that 
the  system  is  reliable.  The  operation  and  maintenance  program  should 
include  a  schedule  of  periodic  inspections,  replacement  of  worn-out  or 
obsolete  items,  and  properly  trained  personnel.  Elements  of  a  successful 
maintenance  program  include: 

Adequate  Staffing:  The  supply  and  treatment  of  domestic  water  is  one 
of  the  most  important  functions  of  local  government.  If  not  done  prop- 
erly, the  entire  community  could  suffer.  The  process  can  also  be  quite 
complicated,  particularly  if  a  treatment  facility  is  involved.  Due  to  these 
factors,  the  personnel  responsible  for  the  water  system  should  be  ade- 
quately trained  and  should  have  sufficient  time  to  perform  their  duties 
properly. 

Preventive  Maintenance:  If  certain  elements  of  a  water  system  fail,  the 
entire  water  system  may  be  shut  down.  The  operators  should  be  aware 
of   the    relative    importance    of   each    element    of   the    system,    and    have 
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spare  parts  on  hand  for  repair  or  replacement  or  have  backup  systems 
ready.  Also,  a  program  of  inspection  to  determine  the  condition  of  the 
system,  and  maintenance  aimed  at  preventing  failures  before  they  occur 
will  keep  the  system  in  good  operating  condition.  A  good  maintenance 
schedule  is  a  necessity  if  all  systems  are  to  be  maintained  properly. 

Repair  and  Replacement :  No  mechanical  equipment  will  last  forever. 
Records  of  maintenance  should  be  kept  to  alert  the  operators  to  equip- 
ment which  has  recurring  problems.  At  such  time  that  routine  mainte- 
nance cannot  keep  the  equipment  in  reliable  operating  condition,  it 
should  be  repaired  or  replaced. 


F.   Water  Rights 

Water  use  in  Montana  is  generally  guided  by  two  legal  principles. 
First,  the  water  user  is  limited  to  diverting  only  that  amount  he  can 
beneficially  use.  The  second  principle  is  known  as  the  "prior  appropria- 
tion doctrine,"  that  is,  "first  in  time  is  first  in  right."  A  person's 
right  to  a  specific  quantity  of  water  depends  on  when  the  use  began. 
The  first  person  to  use  water  from  a  source  established  first  right,  the 
second  person  could  establish  a  right  from  what  was  left,  and  so  on. 
During  a  dry  year,  for  instance,  the  person  with  the  earliest  date  of 
use  would  have  first  chance  at  the  available  water  to  the  limit  of  his 
established  need.  The  holder  of  the  second  earliest  date  would  have 
next  chance,  and  so  on. 

The  Montana  Water  Use  Act  of  1973  requires  that  any  new  or  addi- 
tional developments  of  surface  water  and  groundwater  made  after 
July  1,  1973,  be  issued  either  a  "Permit  to  Appropriate  Water"  or  a 
"Certificate  of  Water  Right."  Both  are  granted  by  the  Montana  Depart- 
ment of  Natural  Resources  and  Conservation  after  processing. 

If  you  are  planning  construction  of  a  new  or  additioneil  diversion 
or  impoundment,  a  "Permit  to  Appropriate  Water"  must  be  applied  for 
and  received  before  construction  begfins  or  water  is  diverted. 

If  you  plan  development  of  a  groundwater  well  with  an  anticipated 
use  of  100  gallons  per  minute  or  more,  a  "Permit  to  Appropriate  Water" 
must  be  applied  for  and  received  before  development  begins. 

It  is  not  necessary  to  apply  for  a  "Permit  to  Appropriate  Water"  to 
develop  wells  or  springs  with  an  anticipated  use  of  less  than  100  gallons 
per  minute.  However,  a  well  log  report  must  be  completed  by  the  driller 
and  sent  to  the  Department  of  Natural  Resources  and  Conservation 
within  sixty  days  of  drilling  a  well.  When  the  well  is  completed,  a  "No- 
tice of  Completion  of  Groundwater  Development"  must  be  submitted  to 
DNRC.  DNRC  then  issues  a  "Certificate  of  Water  Right"  to  the  owner 
after  the  certificate  is  recorded  by  the  local  county  clerk  and  recorder. 

In  an  area  designated  as  a  controlled  groundwater  area,  a  permit 
is  required  in  all  cases  to  appropriate   groundwater  in  any   amount.    At 
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present,  only  one  area  in  the  state,  containing  portions  of  Prairie,  Wi- 
baux, and  Fallon  counties,  has  been  designated  a  controlled  ground- 
water area. 

Further  information  on  water  rights  may  be  obtained  from  the  Mon- 
tana Department  of  Natural  Resources,  Water  Rights  Division,  in  Hel- 
ena, Montana. 


G.   Revenues  and  Expenses 


The  present  trend  in  water  systems  is  to  have  the  system  paid  for 
and  operated  through  user  fees.  The  principal  behind  this  method  of  fi- 
nancing is  that  the  user  should  pay  for  the  commodity,  and  should  pay 
in  proportion  to  the  amount  of  water  used.  The  water  fund  in  a  commu- 
nity budget  should  be  set  up  as  a  separate  account,  and  the  revenues 
received  from  water  sales  and  hook-up  fees  should  pay  for  the  opera- 
tion, maintenance,  and  capital  improvements  of  the  system.  A  capital 
improvements  reserve  fund  should  be  established  to  pay  for  the  re- 
placement of  worn-out  or  obsolete  parts  of  the  water  system. 
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Part  V  Sanitary  Sewer  Systems 


A.   Introduction 


1.        GENERAL 

Sanitary  sewer  systems  involve  two  primary  components:  sewage 
collection  facilities  and  treatment  works.  Collection  facilities  may  not  be 
involved  in  situations  where  on-site  treatment  such  as  household  septic 
tanks  and  drainfields  are  used.  Municipal  treatment  works  necessarily 
require  the  central  collection  of  wastewater. 

It  is  beyond  the  scope  of  this  document  to  provide  a  detailed  ex- 
planation of  the  types  of  treatment  systems  available.  A  brief  overview 
of  various  options  in  use  in  Montana  will  be  presented.  With  respect  to 
collection  systems,  the  vast  majority  in  use  in  the  state  are  of  the  con- 
ventional gravity  type.  The  key  features  of  this  sort  of  system  will  be 
described,  along  with  a  brief  discussion  of  alternative  systems  avail- 
able. 

As  preliminary  background  information,  the  key  characteristics  of 
municipal  wastewater  and  the  statutory  requirements  on  effluent  dis- 
charges are  presented. 


2.        WASTEWATER  CHARACTERISTICS 

a.       Quantity 

Wastewater  generated  in  municipalities  typically  consists  of  a  com- 
posite of  domestic  and  sometimes  industrial  wastes,  infiltration  of 
groundwater,  and  inflow  of  surface  water.  Typical  daily  per  capita  flow 
is  in  the  range  of  70  to  of  100  gallons.  Additional  flows  should  be  an- 
ticipated if  industrial  activity  and/or  high  stormwater  inflow  are  prev- 
alent in  the  area.  A  detailed  monitoring  program  should  be  conducted 
prior  to  the  design  of  new  facilities  to  quantify  wastewater  flows,  since 
each  community's  situation  will  vary. 
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When  designing  a  collection  or  treatment  facility,  care  should  be 
taken  to  identify  the  peak  flows  that  may  occur.  On  a  daily  cycle,  low 
flows  usually  occur  during  the  early  morning  about  5:00  a.m.,  and  peak 
discharges  occur  near  midday  and  again  in  early  evening  (see  Figure 
8).  Substantial  flows  will  usually  occur  during  a  major  storm  event 
when  the  inflow  from  runoff  enters  the  wastewater  collection  system 
through  manholes,  combined  sewers,  etc.  Depending  on  the  condition  of 
the  existing  collection  system,  the  peak  instantaneous  flow  can  be  sig- 
nificantly higher  than  the  typical  daily  peak  flow.  In  some  instances, 
the  peak  instantaneous  flow  has  been  recorded  at  800  percent  higher 
than  the  normal  flow.  Figure  9  depicts  the  flow  rate  of  a  typical 
wastewater  system  in  Montana.  Note  the  increase  in  flow  rates  due  to 
the  precipitation  in  the  area. 


Figure  8.  Typical  Daily  Wastewater  Flow  Profile 


12M. 


6A.M. 


12N. 
Time  of  Day 


43 


Figure  9.   Wastewater  Flow  Rate 

for  a  Typical  City  in  Montana 
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b.       Quality 

In  regard  to  the  physical  and  chemical  characteristics  of  waste- 
water, the  most  common  laboratory  analyses  for  defining  municipal 
wastewater  are  Biochemical  Oxygen  Demand  (BOD)  and  Solids,  BOD  is  a 
measure  of  remaining  organic  matter  in  a  waste  that  may  be  degraded 
by  microbial  action.  Normally,  BOD  is  used  to  measure  the  concentration 
of  the  waste  prior  to  and  after  treatment.  Five-day  BODs  (five-day  in- 
cubation period)  of  raw  municipal  wastewater  typically  ranges  from  100 
to  300  mg/1;  200  mg/1  is  a  recognized  average.  The  other  analytical  tool 
for  defining  municipal  wastewater  is  Solids,  which  are  typically  mea- 
sured as  Total  Solids  (TS),  Total  Suspended  Solids  (TSS),  and  Total 
Dissolved  Solids  (TDS).  The  measurement  of  these  fractions  can  also  be 
used  to  assess  wastewater  strength,  treatment  process  efficiency,  and 
unit  loadings.  Total  Solids  of  municipal  wastewater  influent  usually 
varies  from  350  to  1,200  mg/1,  with  dissolved  solids  comprising  approxi- 
mately two-thirds  and  the  suspended  solids  approximately  one-third  of 
the  total.   An  average  figure  for  TSS  is  250  mg/1. 
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3.        EFFLUENT  LIMITATIONS 

The  Montana  Department  of  Health  and  Environmental  Sciences,  Wa- 
ter Quality  Bureau  administers  the  Montana  Water  Pollution  Control  Act 
and  the  Montana  Pollutant  Discharge  Elimination  Permit  Program.  Under 
this  program,  all  waterways  in  the  state  are  classified  according  to  wa- 
ter quality  standards  adopted  in  1973  and  revised  in  1980.  Treatment 
plants  must  have  a  permit  under  the  system  to  discharge  to  surface  wa- 
ters. The  discharge  from  a  treatment  plant  must  meet  the  standards  for 
the  particular  waterway  to  be  affected.  Each  permit  holder  is  required 
to  periodically  sample  and  test  the  effluent  and  report  the  findings  to 
the  State  Water  Quality  Bureau.  Typical  information  that  must  be  sub- 
mitted includes  flow  rate,  BOD,  Total  Suspended  Solids,  fecal  coliforms, 
and  pH. 


B.   Collection  Systems 


1.        GENERAL 

If  a  community  intends  to  treat  its  wastewater  at  a  central  loca- 
tion, a  system  for  the  collection  and  transmission  of  the  sewage  is 
necessary.  Such  a  system  has  piped  connections  from  each  residence  or 
business  and  a  piped  network  to  deliver  the  waste  to  the  treatment  lo- 
cation. If  on-site  individual  sewage  treatment  facilities  such  as  septic 
tanks  and  drainfields  are  used,  central  sewage  collection  is  not  neces- 
sary. 

In  Montana  the  vast  majority  of  communities  utilize  conventional 
gravity  sewers  where  central  collection  is  provided.  This  has  been  the 
traditional  type  of  system  used;  and  as  communities  expand,  it  is  nat- 
ural to  continue  using  the  same  sort  of  system  as  originally  installed. 
Where  local  topography  disfavors  gravity  flow,  pumps  (lift  stations)  and 
stretches  of  pressure  pipe  (force  mains)  may  be  interspersed  in  the 
collection  system.  Specialized  alternative  collection  system  designs  are 
available  and  are  in  use  in  some  areas.  The  characteristics  of  each  type 
of  system  will  be  briefly  discussed. 


2.   CONVENTIONAL  GRAVITY  SEWER  SYSTEMS 

A  conventional  gravity  sewer   system  involves  service  connections, 
sewer  mains,  and  manholes. 


a.       Service  Lines 

Service  connections  usually  are  the  responsibility  of  the  individual 
householder  or  business  owner  served,  although  communities  typically 
regulate  these  installations  through  local  ordinance.  The  Uniform  Plumb- 
ing and  Building  Codes  specify  methods  of  service  line  construction  and 
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are  statutorily  required  in  the  state.  It  suffices  to  say  that  service 
lines  are  typically  constructed  using  four-inch  (single  residence)  or 
six -inch  (multi-residence  or  business)  plastic  pipe  laid  to  a  uniform 
slope  without  abrupt  bends  to  enable  cleaning.  Each  residence  or  build- 
ing should  typically  have  its  own  dedicated  service  line. 


Sewer  Mains 


i)        Design 

It  is  recommended  that  gravity  sewer  mains  be  constructed  with 
pipe  not  less  than  eight  inches  in  diameter.  All  pipe  should  be  laid  with 
a  constant  slope  between  manholes  adequate  to  maintain  self-cleaning 
velocities.  Pipes,  nonetheless,  will  require  some  regular  flushing  and 
cleaning  to  remove  deposited  solids.  Manholes  should  be  placed  at  all 
changes  in  sewer  grade,  pipe  size  or  alignment;  at  the  end  of  each 
line;  and  at  distances  not  greater  than  400  feet  along  pipe  runs.  A  ter- 
minal cleanout  may  be  substituted  for  a  manhole  at  the  end  of  a  short 
lateral.  Such  a  cleanout  basically  consists  of  an  upturned  pipe  extend- 
ing to  the  ground  surface  so  that  flushing  equipment  can  be  inserted. 

Force  mains,  where  used,  are  typically  constructed  to  water  dis- 
tribution main  standards  using  a  minimum  depth  of  bury  for  frost  pro- 
tection . 


ii)      Pipe  Materials 

Vitrified  clay  was  the  most  widely  used  material  for  gravity  sewer 
pipe  until  just  recently.  Vitrified  clay  pipe  (VCP)  is  extremely  resistant 
to  corrosion  by  acids  ancf  alkalis,  and  is  not  subject  to  damage  by  sul- 
furic acid  generated  by  hydrogen  sulfide,  as  is  the  case  with  certain 
types  of  concrete  pipe.  Clay  pipe  is  also  highly  resistant  to  erosion  and 
scour.  VCP  is  normally  limited  in  size  from  4  to  36  inches  in  diameter, 
and  typically  is  constructed  in  two-  to  seven-foot  lengths,  depending 
on  the  diameter. 

Within  the  past  five  to  ten  years,  the  most  commonly  used  material 
for  sewer  mains,  services,  and  force  mains  has  been  polyvinyl  chloride 
(PVC).  The  increasing  use  of  PVC  pipe  is  generally  attributable  to  the 
light  weight  and  ease  of  installation  as  well  as  its  exceptional  resistance 
to  corrosion  and  deterioration.  Standard  PVC  pipe  comes  in  sizes  vary- 
ing from  four  to  fifteen  inches;  however,  PVC  pipe  as  large  as  30 
inches  in  diameter  has  recently  been  introduced  by  manufacturers.  The 
standard  pipe  joint  offered  by  most  manufacturers  utilizes  a  gasketed 
bell  and  spigot  connection  that  has  proven  to  be  quite  watertight. 

In  addition  to  clay  and  PVC  materials,  another  commonly  used 
material  for  sewer  pipe  is  concrete.  Precast  concrete  sewer  pipe  may  be 
obtained  in  sizes  up  to  108-inch  diameter.  The  bell  and  spigot  ends  are 
normally    joined    by    using   a    rubber    ring    gasket.    To    control    corrosion 
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of  the  concrete  by  sulfates  in  the  sewage,  epoxy,  bitumastic,  or  coal- 
tar  may  be  painted  on  the  concrete  pipe  interior  surface  after  manu- 
facture. Besides  these  common  materials,  cast  iron,  ductile  iron,  and 
asbestos  cement  materials  are  sometimes  utilized  for  special  applications 
such  as  force  mains,  treatment  plant  piping,  etc. 

c.       Manholes 


Most  manholes  are  circular  in  shape  with  a  minimum  inside  diameter 
of  four  feet,  which  is  considered  sufficient  to  perform  sewer  inspection 
and  cleaning.  For  most  size  sewers,  manholes  are  usually  constructed  of 
pre-cast  concrete  and  located  directly  over  the  center  line  of  the 
sewer.  Manhole  frames  and  covers  are  usually  cast  iron  to  withstand 
traffic  loads  with  a  minimum  clear  opening  of  21  inches.  Solid  covers 
should  be  used  to  minimize  the  inflow  of  stormwater  runoff.  Wastewater 
flow  should  be  conveyed  through  the  manhole  in  a  smooth,  U-shaped 
channel  formed  in  the  concrete  base.  Where  more  than  one  sewer  enters 
a  manhole,  the  channels  should  be  curved  to  merge  the  flow  streams. 


3.   ALTERNATIVE  COLLECTION  SYSTEMS 

As  alternatives  to  conventional  gravity  collection  systems,  several 
other  options  exist.  These  include  small-diameter  gravity  systems  for 
collection  of  septic  tank  effluent  and  pressure  sewer  systems. 

Small-diameter  gravity  collection  systems  are  used  to  collect  the  ef- 
fluent from  individual  septic  tanks  and  transfer  it  to  a  central  site  for 
treatment.  In  this  way,  the  need  for  individual  drainfields  adjacent  the 
septic  tank  is  eliminated.  Some  economy  may  be  possible  in  specialized 
situations  such  as  a  retrofit  installation  in  that  much  smaller  sewer 
mains  (2-  to  3-inch  rather  than  8-inch  or  larger)  may  be  used.  Lincoln, 
Montana,  is  one  of  the  few  communities  in  the  state  to  recently  install 
such  a  system. 

Pressure  sewer  systems  can  be  used  to  collect  either  septic  tank 
effluent  or  untreated  raw  sewage.  In  either  case,  a  pump  and  pumping 
reservoir  are  needed  at  each  service;  and  sewage  is  transferred  to  a 
relatively  small  diameter  main  through  a  check  valve  to  maintain  pres- 
sure in  the  main.  A  variation  of  the  pressure  sewer  concept  is  the 
vacuum  sewer  system.  Here  central  vacuum  pumps  maintain  vacuum  in 
the  main,  and  automatic  valves  are  used  on  each  service  to  dispense 
accumulated  sewage.  The  pressure  and  vacuum  sewer  concepts  are  rela- 
tively unproven  in  the  state  although  they  do  offer  alternatives  for 
areas  where  topography  is  not  conducive  to  gravity  systems. 


4.       LIFT   STATIONS  AND  FORCE  MAINS 

The  use  of  lift   stations   and   force   mains   may  be   necessary  if  the 
topography  of  an  area  is  not  suited  to  gravity  drainage  (i.e.,  numerous 
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divides  or  too  low  to  connect  to  nearby  sewers) .  If  the  depth  of  exca- 
vation for  gravity  sewer  installation  to  maintain  adequate  slopes  becomes 
excessive,  economic  consideration  may  also  favor  the  use  of  force  mains 
and  lift  stations  for  the  transfer  of  sewage.  Unless  special  provisions 
are  made  for  a  pressure  collection  system,  service  connections  are  not 
possible  to  force  mains. 

The  type  of  lift  station  that  is  appropriate  usually  depends  on  the 
incoming  flows.  Generally,  higher  flows  necessitate  a  more  sophisticated 
and  expensive  station  than  low  flows.  Regardless  of  the  flow,  however, 
all  sewage  lift  stations  should  be  designed  to  incorporate  the  following 
protective  provisions:  a)  a  minimum  of  two  pumps,  each  of  which  can 
handle  the  anticipated  peak  flow;  b)  an  alarm  system  to  notify  officials 
of  a  malfunction  or  power  outage  at  the  station;  and  c)  a  standby  pow- 
er source,  usually  an  alternate  power  feed  or  an  auxiliary  generator 
that  can  be  utilized  to  operate  the  station  during  a  power  outage. 

Generally,  there  are  two  basic  types  of  collection  system  lift  sta- 
tions in  use  in  Montana.  These  include  wet  well  stations  for  moderate 
flows,  and  wet  well/ dry  well  stations  for  larger  flows.  A  brief  descrip- 
tion of  these  basic  types  of  lift  stations  follows. 


a.       Wet  WeU 

Wet  well  pumping  stations  are  usually  installed  for  small  applica- 
tions with  peak  flows  between  100  and  300  gpm.  They  can  be  mounted 
directly  over  an  enlarged  manhole  to  provide  a  compact,  low-cost  lift 
station.  Most  often  used  are  submersible  pumps  with  submersible  motors 
or  long-shaft  centrifugals  with  the  motors  mounted  on  a  slab  above  the 
wet  well.  In  most  instances,  submersible  motor  pumps  are  hung  on  rails 
so  that  they  can  be  hoisted  out  of  the  manholes  for  maintenance.  Float 
switches  are  usually  hung  in  the  wet  well  to  control  the  pumps  accord- 
ing to  specific  liquid  levels.  The  master  control  panel  should  be  located 
at  the  ground  surface,  and  should  be  enclosed  in  a  lockable  cabinet  if 
there  is  no  building  at  the  site.  Discharge  valves  and  necessary  appur- 
tenances should  be  located  in  a  separate  valve  pit  immediately  adjacent 
to  the  wet  well.  At  the  present  time,  several  manufacturers  market 
"package"  lift  stations  of  various  sizes  and  capacities.  In  many 
instances,  these  package  units  may  be  appropriate  and  economical;  how- 
ever, a  custom-designed  lift  station  may  be  required  for  certain  situa- 
tions. 


b.       Wet  Well/Dry  Well 

For  larger  flows,  pumping  stations  with  separate  wet  and  dry  wells 
are  preferred  to  wet  well  mounted  lift  stations  and  should  be  utilized  if 
at    all    possible.    In    this    type    of   lift    station,    the    wastewater   initially 
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passes  through  a  bar  screen  or  rock  basket  designed  for  periodic 
cleaning.  Sewage  pumps  and  all  necessary  controls  are  located  in  the 
dry  well,  and  each  pump  has  its  own  suction  pipe  to  the  wet  well.  The 
dry  well  should  be  designed  with  a  sump  to  pump  seepage  and  wash- 
down  water  back  to  the  wet  well.  This  type  of  station  offers  the  obvi- 
ous advantage  of  better  access  to  the  mechanical  equipment  involved. 
Pre-manufactured  "package"  lift  stations  of  this  type  are  also  available. 


Other  Types 


Pneumatic  ejectors,  air  lift  pumps,  vacuum-primed  pumps,  and 
self-priming  pumps  are  also  available.  These  typically  require  only  a 
wet  well  and  pump  support  slab  and  differ  primarily  in  the  mechanical 
style  of  pump.  They  reflect  more  specialized  types  of  systems,  often 
suited  to  low  flow  installations. 


C.   Treatment  Systems 


1.        INTRODUCTION 

The  primary  objectives  of  wastewater  treatment  include: 

*  Prevention  of  disease; 

*  Prevention  of  nuisances,   such  as  odors; 

*  Avoidance  of  water  supply  contamination; 

*  Maintenance  of  clean  waters   for  the  propagation  and   survival 
of  fish; 

*  Maintenance  of  clean  waters  for  bathing  and  recreation;  and 

*  Conservation  of  water  for  all  uses. 

Although  certain  wastewater  treatment  processes  can  be  designed 
so  as  not  to  discharge  effluent  to  surface  waters,  discharging  systems 
are  the  more  common.  The  preceding  objectives  become  all  the  more  cri- 
tical when  effluent  is  being  discharged  to  a  river  or  lake. 


2.   PHASES  OF  WASTEWATER  TREAMENT 

All  treatment  processes  can  be  divided  into  several  steps.  Depend- 
ing on  the  overall  process,  two  or  more  steps  may  be  combined  or  occur 
conjunctively . 
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a.       Preliminary  Treatment 

Preliminary  treatment  consists  of  removing  materials  that  may  dam- 
age pumps  and  treatment  process  equipment  downstream.  Preliminary 
treatment  usually  consists  of  a  bar  screen  to  remove  large  materials, 
debris,  rags,  etc.  In  some  instances,  a  grinder  (comminutor)  may  also 
be  utilized  to  shred  such  materials.  Preliminary  treatment  also  involves 
the  removal  of  rocks,   sand,  silt,  etc. 


Primary  Treatment 


Primary  treatment  consists  of  removing  the  settleable  and  floatable 
materials  from  the  untreated  wastewater.  This  is  typically  accomplished 
in  a  large  tank  or  reservoir  usually  equipped  with  surface  skimming  and 
sludge  collection  devices.  In  this  tank,  approximately  20  to  40  percent 
of  the  organic  materials  and  as  much  as  60  percent  of  the  solids  are 
removed  under  quiescent  conditions.  However,  colloidal  solids  and  dis- 
solved solids  usually  will  not  be  removed. 


Secondary  Treatment 


The  basic  objective  of  secondary  treatment  is  to  reduce  the  con- 
centration of  organic  matter  in  wastewater.  This  can  be  accomplished  by 
either  biological  or  physical-chemical  processes. 


i)        Biological  Treatment 

This  process  involves  the  use  of  microorganisms  to  consume  the 
organic  material  in  the  sewage  for  food.  This  results  in  the  growth  of 
more  microorganisms  and  a  corresponding  decrease  in  the  organic  con- 
tent of  the  sewage.  Treated  wastewater  is  separated  from  the  microor- 
ganisms in  a  stage  normally  referred  to  as  "secondary"  or  "final" 
settUng.  This  treated  liquid  portion,  after  passing  through  the  final 
settling  process,  is  then  typically  disinfected  and  discharged  to  a 
stream  or  river.  This  secondary  process  will  usually  remove  85  to  95 
percent  of  both  the  organic  material  and  remaining  suspended  solids  in 
the  wastewater. 

A  portion  of  the  biological  solids  (secondary  sludge)  that  are  col- 
lected during  final  settling  may  be  recycled  back  to  the  head  of  the 
secondary  treatment  process  to  foster  additional  microbial  growth.  The 
remainder  of  the  solids  is  wasted.  Because  of  the  extremely  high  mois- 
ture content  of  the  waste  secondary  sludge  (approximately  98%)  and  the 
abundance  of  pathogenic  organisms  it  may  contain,  further  treatment  of 
the  sludge  prior  to  disposal  is  usually  required. 
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ii)      Physical-Chemical  Treatment 

Although  there  are  many  different  possible  combinations  of  unit 
processes,  all  the  different  approaches  to  physical-chemical  treatment 
include  the  same  basic  unit  processes  of  coagulation  and  sedimentation. 
Filtration  and  carbon  adsorption  may  also  be  provided.  Chemical  addi- 
tions are  typically  necessary  to  encourage  coagulation,  and  a  zone  of 
quiet  flow  is  required  for  settling.  The  combination  of  processes  se- 
lected depends  on  the  wastewater  quality  and  on  the  desired  effluent. 


Tertiary  Treatment 


Tertiary  waste  treatment  is  not  typical  in  Montana  but  is  used  to 
reduce  the  concentrations  of  inorganic  or  organic  constituents  of  the 
waste  below  the  concentrations  achievable  through  primary  and  second- 
ary treatment.  Tertiary  treatment  processes  can  be  used  to  remove 
heavy  metals  or  nutrients  such  as  nitrogen  and  phosphorus.  Tertiary 
treatment  may  include  various  physical,  chemical,  and /or  biological  pro- 
cesses, depending  on  the  particular  treatment  objective  desired.  Terti- 
ary treatment  is  traditionally  considered  as  "effluent  polishing"  and  can 
dramatically  increase  treatment  costs. 


Disinfection 


Disinfection  systems  are  primarily  used  to  destroy  pathogenic  bac- 
teria and  viruses  remaining  in  the  wastewater.  Pathogens  may  cause 
serious  outbreaks  of.  waterborne  diseases  such  as  typhoid,  cholera, 
paratyphoid,  bacillary,  dysentery,  polio  and  infectious  hepatitis.  In 
Montana,  the  need  for  disinfection  is  reviewed  by  MDHES  on  a  case-by- 
case  basis  and  is  based  on  the  condition  and  use  of  the  stream  or  river 
into  which  the  wastewater  is  discharged.  Most  wastewater  treatment  fa- 
cilities in  the  state  where  disinfection  is  required  utilize  chlorination 
processes.  Recently,  however,  ultraviolet  disinfection  facilities  have 
become  increasingly  popular  throughout  the  country;  and  the  first  ul- 
traviolet system  for  wastewater  disinfection  in  Montana  went  on-line  in 
1984. 


f.        Sludge  Treatment  and  Disposal 

Sludge  refers  to  the  settled  solids  accumulated  and  subsequently 
separated  from  the  liquid  stream  during  various  phases  of  wastewater 
treatment.  Sludge  treatment  involves  the  biological  or  chemical  stabiliza- 
tion of  organic  solids  and  pathogens.  This  is  most  often  accomplished 
biologically  under  anaerobic  or  aerobic  conditions. 

Anaerobic  digestion  takes  place  in  the  absence  of  free  oxygen  and 
relies  on   specialized  microorganisms   that   function  in   that   environment. 
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The  end  product  of  anaerobic  digestion  is  relatively  inoffensive  solids 
that  may  have  some  fertilizer  value.  The  off-gas  produced  contains 
about  65  percent  methane,  which  may  be  collected  and  burned  as  a 
fuel. 

Aerobic  digestion  takes  place  in  the  presence  of  free  oxygen.  Dur- 
ing digestion,  biologically  degradable  organic  matter  is  oxidized  by  mi- 
croorganisms to  form  carbon  dioxide,  water,  and  ammonia.  As  digestion 
proceeds,  the  ammonia  is  converted  to  nitrates.  The  solid  residue  re- 
maining is  humus-like  when  dried  and  also  has  some  fertilizer  value. 

Before  final  disposal  of  the  sludge,  it  is  often  desirable  to  further 
reduce  the  volume  and  weight  of  sludge  and  to  change  it  from  a  liquid 
to  a  handleable  semi-soUd  form.  Dewatering  may  be  accomplished  by  us- 
ing drying  beds,  vacuum  filters,  centrifuges,  or  filter  presses.  The 
most  popular  method  to  dewater  sludge  from  smaller  communities  has 
been  the  use  of  sand-covered  drying  beds.  In  this  process,  sludge  is 
applied  to  the  beds  during  the  spring,  summer  and  fall  months  and 
stored  in  the  digesters  or  aerated  basins  during  the  winter.  It  usually 
takes  30  to  120  days  to  adequately  reduce  the  moisture  content  of  the 
sludge.  Once  the  sludge  has  been  dried  to  this  level,  it  is  usually  dis- 
posed of  by  landfilling  or  as  an  agricultural  soil  conditioner. 

Within  the  past  few  years,  two  additional  sludge  management  con- 
cepts have  been  utilized  in  Montana.  One  concept,  which  is  being  used 
in  Helena  and  Kalispell,  is  sludge  injection.  Liquid  digested  sludge  is 
injected  into  soil  on  agricultural  fields  utilizing  a  specially  designed 
injection  vehicle.  The  second  concept  is  sludge  dewatering  using  the 
vacuum  drying  bed  process.  Sludge  is  applied  to  a  drying  bed  con- 
structed of  porous  blocks.  A  vacuum  pump  under  the  bed  is  then  util- 
ized to  pull  the  moisture  out  of  the  sludge.  This  concept  is  not  as 
dependent  on  weather  conditions  as  the  sand  drying  bed  system. 
Therefore,  the  drying  cycle  takes  only  about  24  hours,  and  can  con- 
tinue year-round  if  the  vacuum  drying  beds  are  enclosed  in  a  building. 
Currently,  the  City  of  Chinook  is  utilizing  the  first  vacuum  drying  bed 
in  the  state. 


3.        TYPICAL  TREATMENT   FACILITIES   IN  MONTANA 

Most  of  the  176  municipal  wastewater  treatment  facilities  in  Montana 
can  be  categorized  as  either  lagoon  systems  or  activated  sludge  treat- 
ment plants. 


a.       Lagoons 

Lagoons  are  the  most  common  type  of  treatment  facility  in  Montana. 
Lagoons  generally  consist  of  earthen  basins  open  to  the  air,  and  depend 
on  natural  biological,  chemical  and  physical  processes  to  stabilize  and 
treat  wastewater.  In  a  lagoon,  preliminary  and  primary  treatment  is  ac- 
complished as  the  settleable   solids  in  the  wastewater   fall  to  the  bottom 
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where  they  decompose  under  predominantly  anaerobic  conditions.  The 
products  of  sludge  decomposition,  together  with  the  influent  dissolved 
and  suspended  solids,  furnish  food  for  the  aerobic  bacteria.  These 
aerobic  bacteria  correspondingly  degrade  the  organic  contaminants  in 
the  wastewater,  providing  secondary  treatment. 


i)        Facultative  Lagoons 

In  order  for  the  lagoon  treatment  process  to  work,  the  aerobic 
bacteria  must  receive  oxygen. In  a  true  facultative  lagoon,  this  is  ac- 
complished without  any  supplemental  mechanical  means  of  aeration.  Oxy- 
gen is  replenished  in  the  water  through  a  combination  of  diffusion  at 
the  water  surface,  mixing  from  wave  action,  and  photosynthesis  by 
algae.  According  to  current  state  standards,  all  new  facultative  lagoons 
must  have  at  least  two  cells,  and  must  have  three  cells  if  the  effluent 
is  discharged  to  a  watercourse.  In  most  cases,  facultative  lagoons  must 
be  sized  to  provide  180  days  of  detention. 


ii)      Aerated  Lagoons 

Where  insufficient  land  is  available  for  the  construction  of  facul- 
tative lagoons,  many  communities  have  chosen  to  construct  aerated 
lagoons.  An  aerated  lagoon  does  not  depend  on  natural  processes  to 
furnish  the  necessary  oxygen  for  bacterial  respiration,  but  instead  uses 
mechanical  aeration  equipment.  When  aeration  equipment  is  utilized, 
pond  depths  are  typically  deeper  than  facultative  lagoons.  Detention 
time  is  also  much  shorter;  therefore,  only  about  one-third  as  much  land 
area  is  required  for  the  construction  of  aerated  lagoons.  Compressed  air 
blowers  pumping  to  a  network  of  perforated  pipes  (diffusers)  in  the 
floor  of  the  lagoon  are  the  most  common  method  of  aeration.  Floating 
mechanical  devices  that  pump  air  into  the  water  can  also  be  used.  Be- 
cause the  aeration  causes  vigorous  mixing  of  the  lagoon  contents, 
separate  non-aerated  zones  or  cells  must  be  used  to  settle  the  waste- 
water prior  to  discharge. 


iii)     Discharge  Methods 

According  to  state  and  federal  wastewater  regulations,  there  are 
four  methods  allowed  for  discharging  treated  wastewater  from  a  lagoon 
facility.   These  include  the  following. 


a)       Continuous  Discharge 

Wastewater  is  discharged  continuously  to  a  stream  or  river 
throughout  the  year  with  no  imposed  constraints  on  the  time  of  dis- 
charge. All  ponds  usually  remain  at  full  depth,  and  discharge  occurs 
over  a  level  control  device.  The  pond  volumes  are  relatively  constant 
throughout  the  year.  , 
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b)  Controlled  Discharge 

Wastewater  is  intermittently  discharged  to  a  stream  or  river  over  a 
short  period  of  time  after  wastewater  has  been  treated  and  stored.  The 
time  of  discharge  is  chosen  when  the  effluent  characteristics  are  best 
(eg.,   low  algae  or  solids  content). 

c)  Land  Application 

Wastewater  is  disposed  of  by  applying  it  to  agricultural  land  so 
there  is  no  discharge  to  surface  water.  This  disposal  method  may  in- 
clude flood,  spray,  or  overland  flow  irrigation,  or  infiltration/ 
percolation  basins.  The  wastewater  treatment  pond  criteria  for  land  ap- 
plication is  basically  the  same,  regardless  of  the  land  application  dis- 
posal method  chosen.  This  method  of  wastewater  disposal  is  commonly 
used  when  discharge  is  impractical,  and  agricultural  land  is  available 
for  application. 

d)  Complete  Retention 

Wastewater  is  disposed  of  by  evaporation  and /or  seepage  so  there 
is  no  discharge  to  surface  water.  Pond  sizing  is  such  that  allowable 
seepage  rate  for  the  pond  site  plus  the  normal  evaporation  rate  for  the 
area  balances  with  the  incoming  flow.  Such  lagoons  are  typically  practi- 
cal only  for  very  small  communities  and  are  large  in  area  but  shallow  in 
depth. 

iv)     Advantages  to  Lagoon  Systems 

Generally  lagoon  systems  are  the  best  value  for  small  to  medium 
sized  communities.  Given  adequate  available  land  area,  lagoon  systems 
offer  the  simplest,  most  reliable,  and  least  costly  treatment  options. 
Lagoons  are  not  without  their  drawbacks,  however;  and  the  wastewater 
planner  should  be  aware  of  the  pros  and  cons  when  making  a  selection 
as  summarized  below. 


ADVANTAGES 


DISADVANTAGES 


Simple  to  operate; 
Less  subject  to  process 
disruptions  due  to  varia- 
tions in  hydraulic  and/or 
organic  loading  than 
mechanical  wastewater 
treatment  systems; 
Cost  less  to  operate  and 
maintain  than  mechanical 
treatment  systems;   and 
In  general,   for  smaller 
communities  they  have  a 
lower  capital  cost  than 
mechanical  treatment 
systems. 


Require  larger  land  areas  than 
mechanical  treatment  systems; 
Subject  to  seasonal  variations 
in  performance  which  in  turn 
necessitate  storage  and  intermit- 
tent discharges;  and 
May  emit  nuisance  odors  if  not 
properly  designed  and  operated. 


54 


b.       Activated  Sludge  Treatment  Plants 

Activated  sludge  treatment  plants  use  a  culture  of  aerobic  micro- 
organisms (activated  sludge)  in  a  closely  controlled  environment  to 
provide  secondary  treatment.  Necessarily  such  plants  have  separate 
dedicated  stages  for  the  preliminary,  primary,  and  secondary  treatment 
steps.  Each  step  is  normally  accomplished  in  a  separate  basin(s). 

In  Montana,  activated  sludge  plants  in  use  are  of  three  general 
types:  conventional  activated  sludge,  extended  aeration,  and  oxidation 
ditch  plants  (a  unique  type  of  extended  aeration).  All  processes  rely  on 
some  form  of  mechanical  aeration  in  the  secondary  treatment  step  and 
follow  this  step  with  final  settling. 


i)        Conventional  Activated  Sludge  Plants 

Separate  screening,  grit  removal,  and  primary  settling  facilities 
are  provided.  Aeration  is  typically  accomplished  in  the  secondary  ba- 
sin(s)  with  air  blowers  and  submerged  diffusers.  After  approximately 
four  to  eight  hours  of  aeration,  the  flow  enters  final  settling  tanks. 
The  effluent  from  the  settling  tanks  is  discharged  as  final  effluent  and 
the  solids  that  settle  are  pumped  back  to  the  aeration  basin.  This  re- 
cycle of  solids  is  continuous.  To  compensate  for  the  increase  in  solids 
that  occurs  due  to  microbial  growth,  a  small  portion  of  the  sludge  is 
wasted  to  a  digester  from  the  system  continually. 

For  large-scale  installations,  the  activated  sludge  process  is  very 
efficient  and  is  generally  the  most  economical.  However,  it  requires 
considerable  operational  control  and  is  therefore  best  suited  to  large 
communities  that  can  afford  full-time  operating  and  maintenance  staff. 

At  the  present  time,  ten  communities  in  the  state  utilize  the  acti- 
vated sludge  treatment  process.  These  communities  are  generally  some 
of  the  larger  cities  in  the  state,  and  include  Billings,  Great  Falls, 
Missoula,   Bozeman,   Butte,  and  Havre. 

ii)      Extended  Aeration  Plant 

The  extended  aeration  plant  process  is  a  modification  of  the  acti- 
vated sludge  process  in  which  primary  treatment  is  not  normally  pro- 
vided. Screened  and  de-gritted  sewage  is  mixed  and  aerated  for  18  to 
30  hours  in  one  or  several  aeration  basins.  Submerged  diffusers  served 
by  air  blowers  typically  provide  aeration.  Discharge  is  to  a  final  clari- 
fier  where  the  solids  settle  and  the  clarified  liquid  is  discharged  as 
final  effluent.  As  with  the  conventional  activated  sludge  process,  the 
settled  solids  are  recycled  back  to  the  aeration  basin  and  excess  solids 
are  pumped  to  a  digester. 

The  long  aeration  time  required  for  the  extended  aeration  process 
makes  it  an  uneconomical  method  of  sewage  treatment  for  larger  commu- 
nities. However,  the  process  is  relatively  easy  to  operate,  more  re- 
sistant to  upset,  and  produces  less  sludge  than  the  activated  sludge 
process.   It  is,  therefore,  useful  in  small  to  medium-sized  communities. 
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Currently  there  are  eleven  extended  aeration  plants  in  operation  in 
the  state,  including  Columbia  Falls,   Highwood,   Hinsdale,   and  Willow  Creek. 

iii)     Oxidation  Ditch  Plants 

The  oxidation  ditch  is  a  modification  of  the  extended  aeration  acti- 
vated sludge  process.  Primary  clarification  is  not  required  as  part  of 
oxidation  ditch  systems.  Screened  and  de-gritted  sewage  is  added 
directly  to  a  race  track-shaped  concrete  ditch.  Typically,  two  rotors 
are  used  to  circulate  and  oxygenate  the  water  in  the  ditch.  These  ro- 
tors are  large  circular  rotating  brushes  that  are  partially  submerged  in 
the  ditch.  The  sewage-microorganism  mixture  from  the  ditch,  after  ap- 
proximately 24  hours  of  aeration,  enters  a  clarifier  where  the  solids 
settle  and  clarified  liquid  is  discharged  as  final  effluent.  Most  of  the 
solids  that  settle  in  the  clarifier  are  recycled  back  to  the  ditch  and  the 
remainder  of  the  solids  are  pumped  to  a  sludge  digester. 

Currently,  there  are  eight  oxidation  ditch  treatment  facilities  in 
operation  in  Montana.  These  are  located  in  Colstrip,  Forsyth,  Hardin, 
Poplar,  Miles  City,   Stevensville ,   Hamilton,  and  Chinook. 


c.       Other  Treatment  Facilities 

Trickling  filters  were  once  widely  accepted  in  Montana  and 
nationwide  as  an  appropriate  and  economical  secondary  process  for 
smaller  treatment  facilities.  Although  a  number  of  them  remain  in 
satisfactory  usage,  no  new  construction  of  this  type  is  currently 
planned  in  the  state.  These  systems  use  a  rock-filled  basin  as  a  growth 
media  for  a  biological  film;  wastewater  is  sprayed  ("trickled")  over  the 
rocks  by  a  rotary  arm,  and  the  organisms  in  the  film  consume  organic 
materials . 

The  rotating  biological  contactor  (RBC)  secondary  process  consists 
of  a  series  of  closely  spaced  discs  anchored  to  a  shaft  that  is  supported 
just  above  the  surface  of  the  waste  to  be  treated.  The  lower  portion  of 
each  disc  extends  into  the  sewage  while  the  upper  portion  of  the  disc 
rotates  in  the  air.  A  biological  growth  or  film  attaches  to  the  disc  and 
this  biological  film  is  alternately  submerged  in  the  sewage  to  absorb 
organics  and  then  raised  out  of  the  sewage  to  absorb  oxygen.  The 
communities  of  Livingston  and  Laurel  employment  this  technology. 


d.       The  Choice  of  Treatment  Methodology 

The  choice  of  which  treatment  process  to  use  depends  on  a  number 
of  factors.  In  general,  available  land  area,  discharge  permit  conditions, 
population  served,  the  type  of  existing  facilities  (in  the  case  of  reha- 
bilitation), capabilities  of  available  operating  and  maintenance  personnel, 
and  comparative  economics  are  the  chief  items  of  concern. 
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Certain  treatment  methods  are  better  suited  to  particular  popula- 
tion (flow)  ranges,  and  Figure  10  presents  some  general  trends  in  this 
regard.  It  is  undesirable  and  usually  uneconomical  to  employ  more  tech- 
nical complexity  in  a  treatment  process  than  is  warranted.  Hence,  where 
conditions  allow,  lagoon  systems  are  most  cost  effective.  Non-aerated 
lagoon  systems  find  utility  in  smaller  communities;  often  aeration  makes 
lagoon  systems  applicable  to  larger  population  areas.  Activated  sludge 
treatment  plants  are  available  in  relatively  small  sizes,  often  as 
"packaged"  units  pre-manufactured  with  steel  tankage.  Activated  sludge 
plants  more  traditionally  involve  constructed-in-place  concrete  tankage, 
particularly  in  the  larger  sizes.  Their  operational  complexity  and  main- 
tenance intensity  usually  dictate  their  application  in  the  medium  to  large 
communities.  Of  activated  sludge  processes,  extended  aeration  and  ox- 
idation ditch  facilities  are  most  practical  in  smaller  installations,  while 
the  largest  communities  favor  the  conventional  process. 


Figure  10.  Population  Ranges  Typically  Served  by 

Various  Wastewater  Treatment  Processes 
in  Montana 
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D.   Operation  and  Maintenance 


1.   COLLECTION  SYSTEM  MAINTENANCE 

Serious  and  expensive  problems  can  result  from  the  improper  main- 
tenance of  wastewater  collection  systems.  The  key  to  proper  mainte- 
nance of  sewage  systems  is  a  preventative  maintenance  schedule  that 
incorporates  an  effective  recordkeeping  system.  Maintaining  and  up- 
grading maps  that  show  the  locations  of  mains,  manholes,  flushing 
inlets,  and  service  connections  is  a  necessary  tool.  Records  should  be 
kept  on  all  maintenance  performed,  with  particular  emphasis  placed  on 
troublesome  lines  that  require  more  frequent  inspection  and /or  cleaning. 

Periodic  flushing  helps  to  keep  lines  clear,  and  is  often  performed 
in  association  with  inspection.  The  usual  flushing  procedure  is  to  insert 
a  high  pressure  water  hose  ("sewer  jet")  into  the  sewer  through  a  man- 
hole. This  is  most  advantageous  in  cleaning  lines  in  residential  sections 
that  do  not  have  sufficient  connections  to  provide  cleansing  flows  of 
wastewater.  Flushing  has  limitations,  however,  since  it  merely  moves 
debris  from  one  section  of  sewer  to  another. 

Sewer  stoppages  are  usually  caused  by  sand,  greasy  materials, 
sticks,  stones,  and  tree  roots.  In  some  instances,  a  power  rodding  ma- 
chine may  be  necessary  to  clear  or  unclog  a  sewer  line.  Most  such  ma- 
chines utilize  a  trailer  unit  that  includes  a  reel  holding  several  hundred 
feet  of  flexible  rod.  The  rods  are  fed  through  the  sewer  main  using  an 
engine-driven  mechanism  with  variable  speed  control.  A  number  of  vari- 
ous tools  may  be  used  on  the  rod,  depending  on  the  circumstances.  In 
addition  to  mechanical  rodders,  a  bucket  machine  may  be  used  to  clean 
grit  from  sewer  mains.  A  bucket  machine  utilizes  two  power  winches  lo- 
cated over  adjacent  manholes  with  cable  connected  to  both  ends  of  a 
cleaning  bucket.  A  hydraulically  propelled  sewer  cleaning  tool  may  also 
be  useful  to  clean  sewers.  Action  of  the  backward-pointing  jets  on  the 
tool  moves  the  nozzle  forward,  pulling  hose  behind  it,  and  flushing 
debris  back  to  the  inlet  manhole.  In  some  instances,  the  use  of  chemi- 
cals may  be  advantageous  for  the  control  of  tree  roots. 

In  addition  to  the  cleaning  and  unplugging  of  lines,  a  successful 
sewage  system  maintenance  program  should  include  regular  sewer  line 
inspections.  Several  techniques  may  be  used  to  perform  this  inspection. 
Low-pressure  smoke  detection  can  help  locate  openings  in  a  pipeline, 
service  connections  left  unplugged  from  houses  that  have  been  removed, 
cross-connections  with  the  storm  sewer,  and  unauthorized  drainage  con- 
nections. Dyes  or  other  tracer  chemicals  may  also  be  used  to  locate  ex- 
traneous infiltration  or  exfiltration  points.  While  large  sewers  allow 
visual  inspection,  the  inside  of  small-diameter  pipes  may  require  photo- 
graphing or  closed-circuit  television  inspection.  Skid-mounted  cameras 
can  be  drawn  through  lines  to  observe  existing  conditions.  Most  small 
cities   find  it   more   economical  to   contract    for   services   to   perform   this 
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specialized  inspection;    larger   communities   usually   purchase   the   equip- 
ment and  perform  the  inspection  services  themselves. 

Visual  inspections    should   be   conducted   each   year.    Other   inspec- 
tions such  as  TV  inspection  should  be  done  every  five  to  ten  years. 


2.       INFILTRATION  AND  INFLOW 

Entrance  of  extraneous  waters  into  sewer  systems  is  of  concern  for 
several  reasons.  These  include  sewer  surcharging  during  periods  of  in- 
tensive rainfall  resulting  in  flooded  basements,  overloading  of  treatment 
plant  facilities,  overtaxing  of  pumping  stations,  excessive  costs  in  pro- 
cessing diluted  wastewater  flows,  and  health  hazards  from  discharging 
raw  wastewater. 

Infiltration  results  from  groundwater  entering  sewer  lines  through 
poor  joints  and  cracks  in  manholes  and  sewer  pipe;  the  sources  are 
widespread,  and  the  flow  is  relatively  steady  during  times  of  high 
groundwater  levels.  Inflow  comes  from  direct  connections  such  as  roof 
drains,  and  results  in  sudden  high  rates  of  flow  of  short  duration.  The 
quantity  of  infiltration-inflow  is  considered  to  be  the  maximum  waste- 
water flow  minus  the  peak  domestic  and  industrial  discharge.  A  sys- 
tematic approach  to  sewer  system  evaluation  includes  identifying  the 
quantity  and  nature  of  infiltration-inflow,  isolating  problem  areas,  and 
then  evaluating  the  most  economical  corrective  measures.  The  basic  al- 
ternatives are  either  to  rehabilitate  the  sewer  system  to  reduce  extrane- 
ous flows,  or  to  extend  treatment  facilities  to  handle  peak  wet-weather 
flows.  Expenses  of  rehabilitation  should  be  compared  to  the  costs  of  ex- 
panding treatment  works  to  process  extraneous  water.  Decisions  should 
also  be  made  regarding  the  feasibility  of  repairing  different  sections  of 
the  collection  system.  Sewer  repair  may  involve  replacing  pipelines,  re- 
pairing structural  deterioration  or  defects,  or  sealing  openings  by 
external  grouting  or  pipe  relining.  The  most  economic  and  best  tech- 
niques must  be  determined  from  loccd  conditions  and  experience. 


3.        WASTEWATER    TREATMENT    FACILITY    OPERATION    AND    MAINTE- 
NANCE 

The  operation  and  maintenance  of  a  wastewater  treatment  facility  is 
highly  dependent  on  the  type  and  complexity  of  the  facility.  Obviously, 
the  operation  of  a  sophisticated  mechanical  treatment  facility  is  consi- 
derably more  time  consuming  and  complex  than  the  operation  of  a  stabil- 
ization pond  facility.  Likewise,  maintenance  requirements  increase 
according  to  the  amount  of  mechanical  equipment  present  and  the  com- 
plexity of  the  treatment  process.  Regardless  of  the  type  of  treatment 
facility ,  however ,  the  individuals  who  are  responsible  for  operations 
should  be  thoroughly  familiar  with  all  components  of  the  facility  and 
should  understand  how  each  component  affects  overall  treatment  process 
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performance.  To  insure  that  the  degree  of  treatment  is  satisfactory,  the 
operators  should  also  be  fsimiliar  with  all  applicable  local,  state  and 
federal  regulatory  and  monitoring  requirements.  In  addition,  regulations 
require  that  each  treatment  facility,  regardless  of  type,  must  be  oper- 
ated by  an  individual  who  is  licensed  as  a  wastewater  treatment  plant 
operator  in  Montana. 

It  is  very  important  that  all  wastewater  plant  operators  maintain 
complete  and  accurate  records  of  all  phases  of  the  facility's  operation. 
In  many  cases,  testing  and  flow  data  are  obtained  for  permit  compliance 
only  and  are  not  recorded  often  enough  to  effectively  evaluate  the  facil- 
ity's performance.  An  effective  sampling  and  testing  program  is  one 
that  includes  continuous  evaluation.  The  data  collected  should  be  ap- 
plied to  problems  in  operations  before  they  become  acute. 

Effective  maintenance  is  essential  to  the  successful  operation  of  a 
wastewater  treatment  plant  as  well  the  minimization  of  undue  repair  ex- 
penditures and  process  downtime.  A  proper  attitude  toward  maintenance 
must  be  instilled  in  operating  personnel,  and  preventative  rather  than 
remedial  maintenance  should  be  the  focus.  Proper  schedules,  records, 
and  an  adequate  inventory  of  spare  parts  are  essential  to  effective 
maintenance  management.  Neglect  of  proper  maintenance  is  inexcusable, 
recognizing  the  tremendous  capital  expense  involved  in  a  community's 
wastewater  treatment  plant  and  the  serious  ramifications  of  breakdowns. 

Finally,  it  is  very  important  to  the  overall  performance  of  a  waste- 
water facility  that  the  operators  be  well  trained  and  experienced.  Re- 
gardless of  the  sophistication  built  into  a  faciUty,  the  overall  key  to  its 
performance  lies  in  the  experience,  ability  and  attitude  of  the  operat- 
ors. An  adequate  staff  for  a  wastewater  treatment  plant,  both  in  terms 
of  numbers  of  personnel  and  expertise,  is  essential.  Communities  that 
try  to  skimp  on  staffing  or  operator  qualifications  are  guilty  of  false 
economy.  An  experienced  operator  can  often  detect  potential  problems 
that  might  upset  the  operation  of  the  plant  or  cause  major  damage  to 
one  or  more  mechanical  components.  Such  early  detection  can  usually 
avert  numerous  problems  and  often  can  save  considerable  time  and  mon- 
ey for  the  local  municipality.  Because  of  these  factors,  it  is  sensible  as 
well  as  cost-effective  for  municipalities  to  finance  and  encourage  their 
treatment  plant  operators  to  attend  seminars  and  training  courses  to 
further  their  background  in  and  understanding  of  wastewater  treatment. 
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Part  VI:  Regulations  and  Requirements 


A.   Introduction 

Governmental  regulations  regarding  water  and  sewer  systems  influence 
the  decision-making  process  for  local  communities  throughout  the  planning, 
design,  construction,  and  operational  stages  of  the  systems.  These  regula- 
tions have  been  established  to  protect  the  public  health  and  meet  national 
and  state  goals  regarding  water  quality  and  the  overall  protection  and  en- 
hancement of  the  environment.  Due  to  the  large  commitment  of  financial 
resources  necessary  to  meet  this  goal,  it  is  important  that  investments  be 
efficient,  cost-effective,  and  in  many  cases  innovative.  Numerous  federal 
and  state  agencies  have  been  empowered  with  regulations  in  an  effort  to 
meet  these  requirements.  Local  governments  must  finance,  operate,  and 
maintain  approved  facilities  under  these  constraints. 

This  chapter  is  intended  to  familiarize  local  administrators  with  the 
important  federal  and  state  regulations,  regulatory  agencies  and  their 
functions,  and  the  major  requirements  for  operators  of  water  and  waste- 
water treatment  facilities.  It  should  be  noted  that  information  presented  in 
this  chapter  is  briefly  summarized,  and  additional  details  regarding  the 
specific  program  requirements  or  legislation  may  be  obtained  from  the  ap- 
propriate federal  and  state  agencies. 


B.   Regulatory  Agencies  and  Functions 

The  primary  responsibility  for  the  administration  and  enforcement  of 
regulations  regarding  public  water  and  sewer  systems  within  Montana  lies 
with:  1)  the  Environmental  Protection  Agency;  2)  the  Water  Quality  Bureau 
of  the  Montana  Department  of  Health  and  Environmental  Sciences;  and  3) 
the  Public  Service  Commission.  The  following  narrative  outlines  the  basic 
functions  and  responsibilities  of  each  agency. 
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1.        ENVIRONMENTAL  PROTECTION  AGENCY 

The  United  States  Environmental  Protection  Agency  (EPA)  was  created 
in  1970  because  of  increased  public  and  governmental  awareness  about  the 
deterioration  of  the  natural  environment  and  the  dangers  of  pollution  to 
the  health  and  welfare  of  all  Americans.  The  EPA  operates  a  range  of  pro- 
grams that  include  research,  technical  analysis,  standard-setting  and  en- 
forcement. In  addition,  the  EPA  makes  grants  available  to  state  and  local 
environmental  agencies  to  implement  programs  and  to  communities  for  actual 
facility  improvements.  Basic  responsibilities  of  the  EPA  with  regard  to  wa- 
ter and  sewer  projects  are  to: 

*  Provide  assistance  to  states  in  developing  effective  programs  for 
the  implementation  of  federal  guidelines  concerning  sewer  and 
water  programs; 

*  Provide  technical  assistance  and  training  materials  and  programs 
to  states  and  local  communities; 

*  Support  and  encourage  continuing  research  and  development  ef- 
forts in  the  fields  of  water  and  wastewater  management; 

*  Review  state  water  and  sewer  programs  and  provide  support  to 
such  programs; 

*  Review  and  revise  regulations  regarding  water  and  wastewater; 
and 

*  Assume  the  primary  responsibility  for  enforcement  of  federal 
regulations  if  states  do  not  enforce  them. 

Much  of  the  authority  and  enforcement  responsibilities  of  the  EPA 
have  been  delegated  to  state  agencies.  Since  state  governments  administer 
federal  programs  concerning  water  and  sewer  projects,  this  transfer  of 
power  allows  state  governments  to  be  more  responsive  to  local  governments 
and  exercise  more  control  over  the  performance  of  water  and  wastewater 
facilities.  In  Montana,  nearly  all  EPA  programs  have  been  delegated  to 
MDHES. 


2.   MDHES/WATER  QUALITY  BUREAU 

The  Montana  Department  of  Health  and  Environmental  Sciences 
(MDHES)  was  created  during  the  executive  reorganization  process  that  oc- 
curred during  1971.  Reorganization  allowed  the  Department  of  Health  and 
Environmental  Sciences  to  become  a  separate  executive  unit  with  its  own 
distinct  functions  and  powers.  The  MDHES  responsibilities  toward  water 
and  sewer  projects  are  to: 

*  Adopt  regulations  at  least  as  stringent  as  those  set  down  by  the 
U.S.  Environmental  Protection  Agency  (required  to  participate  in 
delegated  programs) ; 

*  Provide  technical  assistance,  training,  and  support  to  local  agen- 
cies; 
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*  Review  and  approve  local  planning  efforts  and  plans  and  specifi- 
cations; 

*  Provide   consumer   information   regarding  federal,    state   and   local 
regulations; 

*  Carry  out  water  quality  monitoring  and  research; 

*  Compile  records  and  reports  submitted  by  local  utilities; 

*  Adopt  criteria  for  operator  certification  and  certify  operators; 

*  Provide  for  variances  and  exemptions;    and 

*  Provide  planning  for  emergency  circumstances. 

The  Water  Quality  Bureau  of  MDHES  is  responsible  for  all  functions  of 
the  Department  regarding  matters  of  water  pollution.  With  respect  to 
wastewater  management,  these  functions  involve  the  administration  and  en- 
forcement of  the  Montana  Water  Pollution  Control  Act,  the  Montana  Pollu- 
tant Discharge  Elimination  Permit  Program,  and  state  subdivision  regula- 
tions. With  respect  to  public  water  supplies,  these  functions  include  ad- 
ministration and  enforcement  of  the  Montana  Public  Water  Supply  Law  and 
state  subdivision  regulations.  Additional  detail  regarding  these  programs 
and  regulations  is  presented  later  in  this  chapter. 

MDHES  is  aided  in  its  determination  of  policy  guidance  on  issues  re- 
garding water  pollution  by  the  Water  Pollution  Control  Advisory  Council. 
The  Council  is  comprised  of  eight  members  appointed  by  the  Governor  and 
the  directors  of  several  state  departments.  State  and  local  government,  in- 
dustry, agriculture,  recreation,  and  fish  and  wildlife  interests  are  repre- 
sented by  the  membership  of  the  Council. 

The  MDHES  maintains  a  Legal  Division  to  assist  in  the  development  of 
statutes  for  water  quality  matters.  This  Division  also  handles  enforcement 
actions  relating  to  water  quality  violations. 

Education  and  certification  of  water  and  wastewater  system  operators 
within  the  state  is  another  function  of  MDHES.  Operator  training  courses 
are  regularly  scheduled  across  the  state  to  help  candidates  prepare  for 
certification  tests  and  to  allow  operators  to  continue  their  education. 
Distinct  certifications  are  granted  for  water  distribution  system,  water 
treatment  plant,  wastewater  treatment  plant,  and  industrial  wastewater 
treatment  facility  operators.  Within  these  categories,  different  certification 
classifications  are  also  issued,  depending  on  the  type  of  process  involved 
and  the  population  served.  All  operator  certifications  involve  a  fee  and 
examination  procedure. 


3.        PUBLIC  SERVICE  COMMISSION 

The  Utility  Division  of  the  Public  Service  Commission  (PSC)  is  re- 
sponsible for  the  regulation  of  municipal  water  and  sewer  utilities  to  pro- 
vide reliable  and  adequate  services  at  the  lowest  achievable  cost  to  con- 
sumers, while  providing  the  municipal  operator  with  a  fair  and  reasonable 
compensation  for  services  rendered.  State  regulations  require  that  the  PSC 
review  rate  increases  larger  than  12  percent  per  year.  This  size  of  rate 
increase    is    most    likely    attributable    to    construction    of    new    facilities    or 
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major  improvements  to  existing  systems.  PSC  review  is  not  necessary  if  the 
rate  increase  is  to  fund  capital  improvements  mandated  by  federal  or  state 
authorities  to  assure  compliance  with  legal  requirements. 

For  rate  increases  larger  than  12  percent  and  not  mandated  by  an  ap- 
propriate agency,  an  application  for  the  increase  must  be  filed  with  the 
PSC.   This  application  must  include  the  following  items: 

*  A  petition  indicating  that  a  rate  change  is  needed; 

*  A  copy  of  the  proposed  rate  schedule; 

*  A  resolution  from  the  local  government  authorizing  the  petition; 

*  A  narrative  detailing  the  reasons  for  the  rate  change,  a  compari- 
son of  present  and  proposed  rates,  and  an  estimate  of  antici- 
pated revenues; 

*  Cost  justification  for  the  increase;  and 

*  A  filing  fee. 

After  this  information  is  submitted  and  reviewed  by  staff  personnel, 
the  rate  increase  evidence  is  presented  to  the  Commission  for  acceptance. 
At  this  point,  comment  on  the  proposed  increase  is  solicited  through  public 
hearing  procedures.  The  five-member  Commission  must  then  issue  a  deci- 
sion based  on  the  review  of  evidence  and  public  comments  obtained  during 
the  public  hearing.  The  Public  Service  Commission  may  changes  its  original 
decision  if  information  obtained  through  rehearing  or  appeal  procedures 
dictates  the  need  for  change  or  modification. 

C.   Federal  Regulations  and  Guidelines 

1.        THE  SAFE  DRINKING  WATER  ACT   (PUBLIC  LAW  92-523) 

a.       Background 

The  Safe  Drinking  Water  Act  is  the  direct  result  of  the  first  exten- 
sive survey  of  public  water  systems  in  the  United  States,  which  occurred 
in  1970.  This  survey,  the  1970  Community  Water  Supply  Survey,  found 
that  more  than  two  million  people  were  drinking  "substandard"  water  and 
many  others  were  receiving  "potentially  dangerous"  drinking  water.  Other 
major  findings  of  the  survey  indicated  deficiencies  in  state  inspections  of 
water  supply  systems  and  in  operator  training  in  water  supply  or  treat- 
ment facilities.  As  a  result  of  this  study,  several  states  requested  EPA  to 
conduct  extensive  evaluations  of  their  water  supply  programs.  These 
studies  identified  the  following  deficiencies:  1)  inadequate  or  outmoded 
treatment  and  distribution  facilities;  2)  inadequately  trained  operators;  3) 
insufficient  operation  and  maintenance  programs;  4)  infrequent  inspections 
by  local  or  state  agencies;  and  5)  low  water  rates  which  did  not  cover  the 
costs  of  providing  safe  drinking  water. 

The  documentation  of  the  need  to  protect  our  nation's  drinking  water 
initiated  the  drafting  of  the  Safe  Drinking  Water  Act  in  1974  and  the 
National  Interim  Regulations  of  1977.  Through  this  Act,  a  cooperative  pro- 
gram between  local,   state  and  federal  agencies  was  initiated.   The  EPA  was 
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charged   with   the   responsibility   for   administering  the   Act,    and  the   State 
and  local  agencies  were  authorized  to  implement  the  Act. 


b.       General  Provisions  of  the  Safe  Drinking  Water  Act 

The  Safe  Drinking  Water  Act  has  five  general  provisions  that  serve  to 
protect  the  public  health  and  welfare.  These  provisions  include:  1)  the  de- 
velopment of  Primary  Drinking  Water  Regulations  for  the  protection  of  pub- 
lic health;  2)  the  development  of  Secondary  Drinking  Water  Regulations 
that  are  related  to  taste,  odor,  and  appearance  of  drinking  water;  3)  pro- 
visions for  funding  to  states  for  technical  assistance,  personnel  training 
and  grants  support  to  improve  drinking  water  programs;  4)  the  develop- 
ment of  regulations  to  protect  underground  drinking  water  sources;  and  5) 
provisions  for  continuing  research  on  problems  related  to  drinking  water 
supplies. 

The  most  important  provisions  of  the  Safe  Drinking  Water  Act  are  the 
development  of  the  Primary  and  Secondary  Drinking  Water  Regulations. 
The  Primary  Drinking  Water  Regulations  (40  CFR  Part  141)  are  federally 
enforceable  and  established  limits  on  water  contaminants  that  may  adversely 
affect  public  health.  The  primary  regulations  defined  operating  character- 
istics for  public  water  systems  based  on  the  type  of  consumer  and  water 
usage.  In  addition,  the  maximum  contaminant  levels  and  requirements  for 
monitoring  and  analyzing  these  contaminants  were  established.  The  major 
categories  of  contaminants  that  require  monitoring  are:  1)  inorganic  con- 
taminants such  as  arsenic,  lead,  and  mercury;  2)  organic  contaminants 
such  as  pesticides  and  herbicides;  3)  turbidity  or  suspended  particles  in 
water;  4)  microbiological  contaminants  (bacteria,  viruses,  etc.);  and  5) 
radiological  contaminants  from  natural  and  man-made  sources  of  radiation. 
Monitoring  requirements  vary  somewhat  depending  on  water  supply  source 
and  the  type  of  consumer  and  water  usage  in  a  public  water  system.  Stan- 
dard contaminant  analyses,  recordkeeping  and  reporting  procedures  are 
extremely  important  to  ensure  the  public  health  and  provide  for  successful 
implementation  of  the  Act.  Other  primary  regulations  are  concerned  with 
the  variances  and  exemptions  to  the  Act,  public  awareness,  and  siting  re- 
quirements for  new  facilities.  The  regulations  became  effective  during 
1977.  They  are  interim  regulations,  however,  and  changes  to  them  may  be 
forthcoming. 

The  Secondary  Drinking  Water  Regulations  (40  CFR  Part  143)  are 
regulations  that  pertain  to  the  aesthetic  characteristics  of  drinking  water 
such  as  taste,  odor,  and  appearance.  These  regulations  contain  maximum 
contaminant  levels  for  chloride,  color,  copper,  corrosivity,  foaming  agents, 
hydrogen  sulfide,  iron,  manganese,  odor,  pH,  sulfates,  total  dissolved  sol- 
ids, and  zinc.  The  regulations  also  consider  other  drinking  water  parame- 
ters including  hardness,  alkalinity,  phenols,  sodium  concentrations,  and 
standard  plate  count,  a  measure  of  bacterial  concentration.  These  guide- 
lines were  published  in  1977. 
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2.        THE  CLEAN  WATER  ACT   (PUBLIC   LAWS  92-500  AND  95-217) 

a.       Background 

Federal  efforts  to  clean  up  the  nation's  waters  began  with  the  passage 
by  Congress  of  the  Water  Pollution  Control  Act  of  1956.  This  Act,  as  well 
as  subsequent  legislation  in  1961  and  1965,  dealt  primarily  with  enforce- 
ment procedures  for  water  pollution  abatement  and  with  the  establishment 
of  water  quality  standards  for  all  interstate  waters.  The  current  federal 
effort  to  clean  up  the  nation's  waters  began  with  the  passage  of  the  Fed- 
eral Water  Pollution  Control  Act  Amendments  (Public  Law  92-500)  in  1972. 
Congress  mauidated  that  the  nation's  water  could  no  longer  be  an  integral 
part  of  waste  treatment.  Five  years  later,  the  law  was  modified  by  the 
1977  Clean  Water  Act  (Public  Law  95-217).  The  two  laws  are  collectively 
known  as  the  Clean  Water  Act,  and  their  express  purpose  is  to  eliminate 
discharge  of  pollutants  into  any  surface  water  by  1985.  The  Clean  Water 
Act  was  further  amended  by  legislation  passed  in  1981. 


General  Provisions 


The  1977  Water  Pollution  Control  Act  set  as  its  major  goal  the  protec- 
tion of  the  aquatic  environment.  The  primary  strategy  for  reaching  this 
goal  was  the  establishment  of  effluent  limitations  to  control  pollution  at 
either  point  sources  (direct  discharge  from  pipes)  or  non-point  sources 
(diffuse  discharges;  e.g.,  runoff  from  agricultural  or  construction  sites). 
The  control  of  pollution  sources  as  set  down  by  the  Act  is  to  be  enforce- 
able and  equitable  and  uniform  for  similar  polluters  throughout  the 
country.  The  legislation  required  state  water  quality  agencies  to  establish 
standards  based  on  the  use  of  all  surface  waters  in  hopes  of  obtaining 
more  stringent  controls  on  industrial  and  municipal  dischargers.  The 
legislation  set  deadlines  for  industrial  and  municipal  point  source  dis- 
charges to  meet  the  effluent  limitation  requirements.  Communities  with 
publicly  owned  treatment  works  (POTW's)  were  directed  to  achieve  the 
level  of  treatment  necessary  to  meet  water  quality  standards  by  July  1, 
1988.  The  legislation  is  backed  by  significant  financial  and  legal  penalties, 
and  is  enforced  by  an  EPA  Regional  Office  or  by  the  state  water  quality 
agency . 

The  Clean  Water  Act  recognized  the  fact  that  communities  would  en- 
counter financial  difficulties  as  they  attempted  to  meet  the  requirements 
and  timetable  established  by  the  legislation.  As  an  incentive,  the  Clean 
Water  Act  offers  federal  funding  to  cover  75  percent  of  the  cost  of  con- 
structing new  POTW's  or  rehabilitating  existing  treatment  facilities.  In  the 
past,  community  compliance  with  the  Clean  Water  Act  was  indirectly  tied  to 
the  availability  of  federal  funds;  however,  recent  revisions  to  the  Act 
require  communities  to  comply  with  the  water  quality  standards  regardless 
of  whether  or  not  federal  funds  are  available. 
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c.       Municipal  Facilities  Program 

The  two  major  sections  of  the  present  water  quality  laws  that  concern 
municipsd  wastewater  are  the  National  Pollution  Discharge  Elimination  Sys- 
tem (NPDES)  permit  program  and  the  federal  Construction  Grants  Program 
for  Treatment  Works.  These  two  programs  are  commonly  called  the  munici- 
pal facilities  program.  The  NPDES  program  is  primarily  an  enforcement  tool 
for  monitoring  industrial  and  municipal  discharges.  The  NPDES  permits  are 
issued  and  enforced  by  the  EPA  Regional  Office  or  by  a  state  water  qual- 
ity agency,  and  establish  the  effluent  limit  for  point  source  discharge  by 
an  individual  discharger. 

The  Construction  Grants  Program  awards  federal  grants  for  facilities 
design  (Step  2)  and/or  actual  construction  (Step  3).  A  portion  of  the  fa- 
cilities planning  costs  (Step  1)  may  be  reimbursed  through  an  allowance  at 
the  time  the  Step  3  grant  is  made.  Strict  conditions  are  imposed  on  grant 
awards  by  the  EPA  to  ensure  that  projects  are  properly  planned,  environ- 
mentally safe,  and  cost-effective.  To  receive  federsQ  funding  under  the 
municipal  facilities  program,  waste  treatment  must: 

*  Provide  for  evaluation  of  alternatives  in  order  to  apply  the  best 
practicable  waste  treatment  technology  before  any  discharge  into 
receiving  waters,  including  reclaiming  or  recycling  water,  con- 
fining pollutant  disposal,  and  considering  advanced  waste  treat- 
ment techniques; 

*  Be  investigated  on  an  areawide  basis  and  provide  for  the  control 
of  all  point  and  non-point  sources  of  pollution; 

*  Encourage  revenue-producing  facilities  that  rely  on  recycling 
wastewater,  confinement  and  containment  of  non-recyclable  pollu- 
tants, and  environmentally  acceptable  methods  of  sludge  dispos- 
al; 

*  Antdyze  potential  recreation  and  open  space  opportunities  to  in- 
tegrate open  space  and  recreational  uses  with  waste  treatment 
goals; 

*  Encourage  energy -efficient  design  in  facilities;  and 

*  Evaluate  innovative  and  alternative  waste  treatment  management 
techniques. 

The  state  water  quality  agency  has  an  extremely  important  role  in  the 
construction  grants  program.  The  state  is  responsible  for  determining  the 
recipients  of  federal  funding  as  well  as  for  certifying  that  all  federal  re- 
quirements are  met  prior  to  the  actual  grant  award. 
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3.       OTHER  FEDERAL  REGULATIONS 

a.       General 

Federal  regulations,  in  addition  to  the  major  acts  discussed  in  the  two 
previous  sections,  play  an  important  role  in  the  planning  and  design  of 
water  and  wastewater  facilities.  In  most  cases,  the  requirements  of  other 
legislation  and  Executive  Orders  must  be  met  during  the  planning  stages, 
or  the  entire  process  may  be  vulnerable  to  a  court  challenge.  Most  of  the 
regulations  concern  particular  environmental  resources  and  may  require 
some  supplementary  study  and  coordination. 


b.       Summary  of  Legislation  and  Regulations  Relating  to  Water  Quality 

Table  4  contains  a  brief  summary  of  Executive  Orders  and  other  major 
federal  regulations  that  require  consideration  during  the  planning  phase 
and  coordination  during  the  design  and  construction  phases  of  water  and 
wastewater  projects.  The  major  regulations  and  the  general  provisions  of 
each  are  summarized  in  this  table. 


TABLE  4 
SUMMARY  OF  WATER  QUALITY  LEGISLATION  &  REGULATIONS 


Legislation/ Regulation 


Reference 


General  Provisions 


Endangered  Species  Act 
16  U.S.C.   1531,   Section  7 


50  CFR  402  Federal  agencies  shall  ensure 

Public  Law  91-135      that  their  actions  do  not 

jeopardize  listed  species  or 
modify  critical  habitat 


Executive  Order  11990 
Protection  of  Wetlands 


42  FR  26961  Minimize  the  destruction,  loss 

(1977)  or  degradation  of  wetlands; 

preserve  and  enhance  natural 

values 


Wild  &  Scenic  Rivers  Act 
16  U.S.C.   1271-1287 


Public  Law  90-542      Preserve  features  that  make 

designated  rivers  wild  &  scenic 
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TABLE  4 
(cont.) 


Legislation/ Regulation 


Reference 


General  Provisions 


Executive  Order  11988 
Floodplain  Management 


42  FR  26591  Federal  agencies  shall  avoid 

to  the  extent  possible  adverse 
impacts  associated  with  flood- 
plain  modification  and  avoid 
support  of  floodplain  develop- 
ment where  there  is  a  prac- 
ticable alternative 


River  and  Harbors  Act 
of  1899 


Executive  Order  11296 


33  U.S.C.,   Sub- 
section 10 


31  FR  10663 


Gives  Army  Corps  of  Engineers 
the  authority  to  grant  permits 
for  construction,  dredging, 
and  filling  in  navigable  waters 

Provide  for  agency  evaluation 
of  flood  hazards  in  planning 
and  construction  of  facilities 


Executive  Order  11593 


36  FR  8921 


Requires  federal  plans  and  pro- 
grams to  contribute  to  the  pre- 
servation and  enhancement  of 
sites  of  historic£il,  architec- 
tural and  archaeological  sig- 
nificance 


National  Historic 
Preservation  Act  of 
1966 


16  U.S.C.,   Sub- 
section 470 


Resource  Conservation 
and  Recovery  Act  of 
1978   (RCRA) 


National  Environmental 
Policy  Act  of  1969 
(NEPA) 


Public  Law  94-580 


Public  Law  91-190 


Requires  that  prior  to  approval 
of  federal  activities,  depart- 
ments shall  consider  effect  on 
National  Register  properties 
and  give  Advisory  Council  on 
Historic  Preservation  time  to 
comment 

Suggests  guidelines  for  proper 
disposal  of  solid  and  hazardous 
wastes  and  develops  guide- 
lines for  resource  recovery 

Requires  preparation  of  an  EIS 
for  every  major  federal  action 
that  significantly  affects  the 
quality  of  the  human  environ- 
ment 
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D.   State  Regulations  and  Guidelines 

In  addition  to  federal  regulations  and  guidelines,  the  State  of  Montana 
has  legislated  requirements  intended  to  preserve  or  enhance  the  quality  of 
state  waters.  These  regulations  generally  establish  legal  and  administrative 
control  over  all  phases  of  water  and  wastewater  management  including  wa- 
ter quality  regulations  and  standard  design  requirements  for  water  and 
wastewater  facilities.  Federal  legislation  regarding  water  and  wastewater 
facilities  generally  requires  that  individual  states  adopt  standards  at  least 
as  stringent  as  the  federal  guidelines.  State  laws,  therefore,  correspond 
quite  closely  with  federal  standards.  Administration  of  federal  programs  at 
the  local  level  is  the  responsibility  of  the  state. 


1.        WATER  QUALITY  REGULATIONS 

Primary  regulations  pertaining  to  the  quality  of  state  waters  are  out- 
lined in  the  provisions  of  the  Montana  Water  Quality  Act.  This  legislation 
is  intended  to  protect,  maintain  or  improve  the  quality  of  all  state  waters 
and  to  provide  a  comprehensive  program  for  the  prevention,  abatement, 
and  control  of  water  pollution.  The  Act  established  water  quality  standards 
based  on  present  and  future  "most  beneficial  uses" ,  and  classified  waters 
accordingly.  The  standards  establish  minimum  in-stream  water  and  waste 
treatment  requirements  to  protect  these  beneficial  uses  from  pollution.  The 
Act  also  adopts  a  "non-degradation"  policy  which  seeks  to  protect  the  wa- 
ter quality  of  Montana  streams  that  have  a  higher  water  quality  than  the 
established  water  quality  standards.  This  policy  requires  that  any  project 
or  development  constituting  a  new  or  increase  source  of  pollution  provide 
the  degree  of  waste  treatment  necessary  to  maintain  the  existing  high  wa- 
ter quality.  Other  sections  of  the  Act  detail  the  administrative,  financial 
and  enforcement  responsibilities  of  the  State  with  regard  to  water  quality 
management. 

Under  the  provisions  of  the  Montana  Water  Quedity  Act,  two  programs 
have  been  developed  to  protect  the  quality  of  the  surface  and  ground- 
waters within  the  state.  These  programs  include  the  Montana  Pollutant 
Discharge  Elimination  System  (MPDES)  and  the  Montana  Groundwater  Pollu- 
tion Control  System  (MGWPCS).  The  following  narrative  briefly  discusses 
the  general  provisions  of  each  program. 


a.       Montana  Pollutant  Discharge  Elimination  System  (MPDES) 

The  Montana  Pollutant  Discharge  Elimination  System  provides  the  state 
with  a  mechanism  for  authorizing  and  controlling  point  source  discharges  to 
surface  waters.  This  program  requires  any  person,  agency,  company  or 
community  discharging  or  planning  to  discharge  wastewater  to  apply  for  a 
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wastewater  discharge  permit  from  the  Montana  Department  of  Health  and 
Environmental  Sciences.  The  permit  regulates  the  conditions  of  wastewater 
discharge,  including  the  allowable  quality  and  quantities  necessary  to 
maintain  the  quality  of  the  surface  water  receiving  the  discharge.  If  the 
requirements  of  the  discharge  permit  cannot  be  readily  met  by  the  dis- 
charger, target  dates  for  compliance  are  established.  The  ultimate  goal  of 
the  MPDES  is  to  improve,  reduce  or  eliminate  wastewater  discharge  into 
surface  waters  in  an  economically  feasible  and  orderly  manner.  Procedures 
and  requirements  of  the  program  may  be  obtained  from  the  Water  Quality 
Bureau  of  the  Montana  Department  of  Health  and  Environmental  Sciences. 


b.       Montana  Groundwater  Pollution  Control  System  (MGWPCS) 

The  Montana  Groundwater  Pollution  Control  System  was  recently  es- 
tablished by  the  Montana  Department  of  Health  and  Environmental  Sciences 
to  control  wastewater  discharges  into  the  state's  groundwaters.  Require- 
ments of  the  program  are  similar  to  those  of  the  MPDES  in  that  all  dis- 
charges of  pollutants  into  state  groundwaters  must  be  authorized  (after 
October  29,  1982)  by  permit  and  must  be  consistent  with  conditions  out- 
lined in  the  permit.  Technical  standards  and  procedural  requirements  of 
the  MGWPCS  are  available  from  the  State  Water  Quality  Bureau. 


2.        PUBLIC  WATER  SUPPLY  REGULATIONS 

Regulations  pertaining  to  public  water  supplies  in  Montana  were  adop- 
ted under  authority  of  the  Montana  Public  Water  Supply  Law.  The  Safe 
Drinking  Water  Act  and  National  Interim  Regulations  were  used  as  models 
for  this  law.  The  general  provisions  of  this  Law,  such  as  the  establishment 
of  maximum  contaminant  levels  and  the  establishment  of  standard  moni- 
toring, testing,  recordkeeping  and  reporting  procedures,  were  adopted  by 
the  Montana  Legislature.  In  addition,  Montana's  regulations  outline  the 
requirements  for  variances  or  exemptions  to  the  regulations  and  require  a 
compliance  schedule  from  the  owners  of  public  water  supply  systems  that 
are  granted  such  variances  or  exemptions.  Other  provisions  of  the  regula- 
tions detail  the  general  responsibilities  and  the  enforcement  powers  of  the 
Montana  Department  of  Health  and  Environmental  Sciences,  Water  Quality 
Bureau,  in  regard  to  administration  of  the  Act. 


3.        STANDARD  DESIGN  REQUIREMENTS 

The  State  of  Montana,  in  an  effort  to  assure  protection  of  public 
health  and  the  quality  of  state  waters,  has  developed  rules  requiring  the 
review  of  engineering  plans  and  specifications  prior  to  construction  or 
modification  of  public  water  and  wastewater  facilities.  The  regulations  have 
incorporated    the    Great    Lakes    -    Upper   Mississippi    River    Board    of    State 
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Sanitary  Engineers ,  Recommended  Standards  for  Water  Works  and  Sewage 
Works ,  or  "Ten  State  Standards",  as  state  standards  for  design  and  re- 
view of  plans  and  specifications.  The  two  volumes  serve  as  a  guide  in  the 
design  of  water  and  wastewater  facilities  and  aid  in  the  preparation  and 
review  of  plans  and  specifications  for  such  projects.  These  standards  are 
intended  to  provide  the  best  engineered  design  standards  for  water  and 
sewer  systems  as  determined  by  research  and  practical  experience  and  to 
aid  in  the  evaluation  of  plans  and  specifications. 

"Ten  State  Standards"  have  also  been  incorporated  into  Montana  sub- 
division regulations  to  provide  standards  for  the  design  of  water  and  sew- 
er systems.  Such  systems  planned  for  subdivisions  are  subject  to  the  same 
requirements  for  state  review  and  approval  as  those  for  large  municipal 
facilities.  Other  provisions  of  state  subdivision  regulations  govern  the  op- 
eration and  maintenance  of  water  or  sewer  facilities  within  subdivisions  to 
ensure  that  the  quality  of  state  waters  are  unaffected  by  development. 


E.    Operator  Requirements 


1.        GENERAL 

In  an  effort  to  maintain  or  improve  the  quality  of  state  waters  and  to 
ensure  the  effectiveness  with  which  water  and  wastewaters  are  handled, 
federal  and  state  regulations  have  established  a  number  of  requirements 
for  the  operators  of  treatment  and  distribution  facilities.  These  require- 
ments generally  include  sampling,  control  testing,  equipment  performance 
monitoring,  and  recordkeeping  and  reporting  procedures.  The  data  accum- 
ulated from  these  procedures  not  only  allows  the  performance  of  the  water 
or  wastewater  facility  to  be  evaluated  by  allows  a  history  of  data  relating 
to  user  characteristics,  water  quality  characteristics  and  costs  to  be  ac- 
cumulated. This  data  is  extremely  beneficial  to  designers  of  new  facilities 
or  improvements  to  existing  facilities.  The  following  narrative  briefly  sum- 
marizes the  major  requirements  for  operators  of  water  and  sewer  systems 
within  Montana. 


2.       WATER  SYSTEM 

In  order  to  maintain  the  safety  of  public  water  supplies  and  to  pro- 
mote the  efficient  operation  of  public  water  supply  systems,  numerous  re- 
quirements have  been  placed  on  operators  of  such  systems.  Federal  and 
state  regulations  require  sampling,  control  testing,  laboratory  analyses, 
and  reports  of  plant  operations  to  accomplish  this  goal.  Five  major  categor- 
ies of  contaminants  require  monitoring,  including  inorganic  chemicals,  or- 
ganic   chemicals,    turbidity,    microbiological    contaminants,    and    radiological 
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contaminants.  The  monitoring  requirements  for  these  contaminants  vary, 
depending  on  the  source  of  the  water  supply  and  the  type  of  public  water 
system  (community  or  non-community).  A  community  system  is  one  that  has 
at  least  ten  service  connections  used  by  year-round  residents  or  which 
regularly  serves  at  least  25  year-round  residents.  Other  systems  are  clas- 
sified as  non-community  systems,  and  generally  involve  intermittent  usage. 
General  monitoring  requirements  for  public  water  systems  in  Montana  are 
summarized  in  the  following  table. 


TABLE  5 

GENERAL  MONITORING  REQUIREMENTS  FOR 
PUBLIC  WATER  SYSTEMS 


Contaminant 


Water  Source 


Sample  Frequency 


Community 
Systems 


Non-Community 
Systems 


Inorganic 
Chemicals 


Surface 
Groundwater 


Yearly 

Every  3  years 


Nitrate  -  every 
5  years 


Organic 
Chemicals 


Surface 
Groundwater 


Every  3  years 
Not  Required 


Turbidity 


Surface 
Groundwater 


Daily 

Not  Required 


Daily 


Microbiologfical 
Contaminants 


Surface  "^ 

Groundwater -J 


Samples/Month  Quarterly 

based  on  popula- 
tion served  by  system 
(varies  from  1  to  100) 


Radiological 
Contaminants 


Surface  "^ 

Groundwater  J 


Every  4  years  - 

quarterly  in  4th  year 


In  addition  to  monitoring  requirements  for  these  major  contaminant 
categories,  other  state  regulations  require  daily  control  testing  to  ensure 
that  water  quality  is  maintained.  Control  testing  of  the  various  parameters 
of  drinking  water  is  dependent  upon  the  water  source  and  treatment  meth- 
ods, but  generally  consists  of  tests  for  alkalinity,  chlorine  residual,  pH 
value,  hardness,  and  turbidity.  Standard  sampling  methods  and  accurate 
laboratory  analysis  of  water  samples  is  a  key  element  in  quality  control  for 
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public  water  systems.  Laboratory  testing  and  analysis  of  samples  should  be 
conducted  in  accordance  with  accepted  procedures  outlined  by  the  EPA  or 
sent  to  state  laboratories  for  analysis.  Operators  of  public  water  systems 
will  be  assessed  laboratory  fees  for  testing  done  in  state  laboratories. 

Recordkeeping  and  reporting  procedures  are  also  important  operating 
requirements.  Records  and  results  of  all  sample  analyses,  control  test  sam- 
ples, operating  records  of  equipment  and  costs  must  be  kept  on  file  for  a 
minimum  of  ten  years.  Operators  are  also  required  to  submit  monthly  sum- 
maries of  daily  control  testing  to  the  Water  Quality  Bureau  of  MDHES.  Ac- 
curate recordkeeping  is  valuable  for  future  planning  and  for  protection  in 
the  event  of  legal  action  regarding  the  performance  of  the  system. 

Montana  law  also  requires  certification  of  the  operator  of  any  water 
treatment  plant  or  distribution  system  serving  ten  or  more  families  or  an 
industry  employing  ten  or  more  persons.  Water  distribution  systems  and 
water  treatment  plants  are  classified  by  service  area  population,  system 
complexity,  and  source  of  the  water  supply.  Requirements  for  operator 
certification  are  dependent  upon  the  classification  of  water  treatment  and 
distribution  facilities.  The  Water  and  Wastewater  Operators  Board  of 
MDHES  will  supply  information  regarding  certification  and  testing  proce- 
dures upon  request. 


3.        SEWER  SYSTEMS 

Self -monitoring  requirements  for  wastewater  treatment  plants  that 
discharge  to  state  waters  have  also  been  delineated  by  state  and  federal 
regulations  in  accordance  with  the  Clean  Water  Act.  Sampling  requirements 
for  the  monitoring  of  wastewater  effluent  parameters  are  intended  to  be 
representative  of  the  volume  and  nature  of  the  discharge.  Effluent  para- 
meters which  require  monitoring  include  total  flow ,  total  BOD  ,  total 
suspended  solids,  fecal  coliforms,  and  pH  units.  The  following  table 
summarizes  the  effluent  parameter  and  sampling  requirements  typical  of 
many  smaller  community  systems.  The  community's  NPDES  Discharge  Permit 
dictates  the  exact  monitoring  schedule  for  their  discharge. 


TABLE  6 
MONITORING  REQUIREMENTS  OF  EFFLUENT  PARAMETERS 

Effluent  Parameter Sample  Frequency Sample  Type 

Total  Flow  Weekly  Instantaneous 

Total  BOD  Quarterly  Grab 

Total  Suspended  Solids  Quarterly  Grab 

Fecal  Coliforms  Quarterly  Grab 

pH  Units  Quarterly  Grab 
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Records  of  effluent  sampling  should  specify  the  following  information: 
a)  exact  place,  date,  and  time  of  the  sample;  b)  date  of  sample  analysis; 
c)  person(s)  performing  the  analysis;  d)  analytical  techniques  or  methods 
used;  and  e)  results  of  the  required  analysis.  A  periodic  summary  of  dis- 
charge monitoring  results  must  be  submitted  to  the  State  Water  Quality 
Bureau  by  the  operator  of  the  wastewater  treatment  system .  The  State  may 
request  additional  wastewater  monitoring  subject  to  the  accepted  proce- 
dures for  sampling,  analysis  and  recording  if  conditions  at  the  treatment 
plant  merit  further  study.  Data  from  regular  sampling  and  analysis  and 
instrumentation  recordings  from  continuous  monitoring  equipment  must  be 
retained  for  a  minimum  of  three  years,  or  longer  if  requested  by  the 
State. 

Operators  of  wastewater  treatment  plants  serving  ten  or  more  families 
or  serving  an  industry  employing  ten  or  more  persons  must  be  certified  by 
the  State.  Persons  responsible  for  the  daily  supervision  of  the  performance 
of  the  treatment  plant  should  be  available  or  on  call  at  all  times  to  ensure 
that  the  requirements  for  effluent  quality  are  met.  Wastewater  systems  are 
classified  according  to  the  size  of  the  service  area  population  and  the  com- 
plexity of  the  treatment  system  (primary  or  secondary  treatment).  Certifi- 
cation testing  requirements  for  operators  are  dependent  upon  the  classifi- 
cation of  each  wastewater  treatment  plant.  Information  regarding  certifica- 
tion procedures  and  testing  requirements  may  be  obtained  from  the  Water 
and  Wastewater  Operators  Board  of  the  MDHES. 


76 


PUBLICATIONS  OF  INTEREST  TO  LOCAL  GOVERNMENT  PERSONNEL 
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THE  MONTANA  DEPARTMENT  OF  COMMERCE 

COMMUNITY  ASSISTANCE  PROGRAM 

April  1985 


The  following  publications  are  currently  available.  Occasionally  we  may 
run  out  of  stock  temporarily.  Prices  are  set  based  solely  on  the  printing 
cost  to  the  State  to  print  and  distribute  the  publications.  Prices  may 
change  without  notice.  If  prices  change  and  we  receive  your  written  or- 
der at  the  old  price,  we  will  go  ahead  and  bill  and  ship  at  the  new 
price.   The  Department  reserves  the  right  to  discontinue  publications. 


COMMUNITY   PLANNING 

An  Introduction  to  Comprehensive  Planning.  Allen  Gould.  Bear  Paw 
Development  Corporation.  December  1975.  Distributed  by  the  Community 
Assistance  Program.   Price:   $1.00. 

Planning  Handbook.  Montana  Department  of  Intergovernmental  Relations. 
Summer  1972.  Distributed  by  the  Community  Assistance  Program.  Price: 
$1.00. 

Basic  Computer  Concepts  and  Fiscal  Impact  Analysis  with  a  Computer: 
A  Compendium.  Ali  Montasser  for  the  Community  Assistance  Program. 
September  1983.  Produced  by  the  Community  Assistance  Program.  Price: 
$1.00. 

Comprehensive  Planning:  An  Introduction  to  Comprehensive  Planning  and 
to  the  Planning  Process.  Montana  Department  of  Intergovernmental  Re- 
lations. 1972.  Distributed  by  the  Community  Assistance  Program.  Price: 
$1.00. 

Montana's  Annexation  and  Planning  Statutes.  8th  Edition.  Community 
Assistance  Staff.  March  1984.  Produced  by  the  Community  Assistance 
Program.   Price:   $1.00. 

Using  Comprehensive  Planning  in  Montana.  Cooperative  Extension 
Service,  MSU.  Bulletin  III.  March  1974.  Distributed  by  the  Community 
Assistance  Program.   Price:   $1.00. 


LOCAL  GOVERNMENT  PUBLIC  FACILITIES  FINANCE 

Planning  and  Developing  Community  Water  and  Sewer  Systems  in  Montana 
and  Financing  Community  Water  and  Sewer  Systems  in  Montana.  Robert 
Peccia  and  Associates  for  the  Community  Assistance  Program.  June  1983. 
(This  is  a  two-volume.)  Produced  by  the  Community  Assistance  Program. 
Price:  "Planning"  $2.50,  "Financing"  $1.50. 

Special  Improvement  District  Handbook.  Montana  League  of  Cities  and 
Towns  for  the  Community  Assistance  Program.  October  1983.  Produced 
by  the  Community  Assistance  Program.   Price:   $1.50. 

Basic  Computer  Concepts,  Software  Availability  and  Capital  Improvements 
Planning  with  a  Computer:  A  Compendium.  Perry  Pitzele  for  the  Commu- 
nity Assistance  Program.  September  1983.  Produced  by  the  Community 
Assistance  Program.   Price:   SO*. 

Montana's  Infrastructure  Crisis:  A  Report  to  the  State.  Community  As- 
sistance Program  and  the  Montana  Contractors  Association.  August  1984. 
Produced  by  the  Community  Assistance  Program.  Price:  Free  while  sup- 
ply lasts. 

A  Handbook:  Capital  Facilities  Scheduling  and  Financing.  Jim  Richard  for 
the  Montana  Community  Development  Block  Grant  Program.  Produced  by 
the  Montana  Community  Development  Block  Grant  Program.  June  1983. 
Price:   $2.50. 

The  Governor's  Task  Force  on  Infrastructure,  Final  Report.  Production 
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Community  Assistance  Program.  June  1984.  Produced  by  the  Community 
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LAND  SUBDIVISION  REGULATIONS 
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Working  with  Consultants,  2nd  Edition.  Rokita  and  Associates  for  the 
Community  Assistance  Program.  May  1984.  Produced  by  the  Community 
Assistance  Program.    Price:   $4.00. 
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Model  Municipal  Zoning  Ordinance.  Ann  Mulroney.  January  1984.  Pro- 
duced by  the  Community  Assistance  Program.   Price:   $4.00. 
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Rural  Zoning:  People,  Property,  Public  Policy.  Cooperative  Extension 
Service,  MSU.  Bulletin  331.  April  1975.  Distributed  by  the  Community 
Assistance  Program.   Price:   Free  while  the  supply  lasts. 
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